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PREFACE. 

Though many worka exiat on tlie sabject of internal 
combustion enginea, which contain practically all that 
is known abont them, it is thought that thwe is no book 
written entirely from the designer's point of view. The 
present volmne is intended to provide designers and 
draughtsmen with reliable formulae and informatioo, 
in a readily accessible form. The writer knows, by his 
own experience, that for a book to be of valae in a 
drawing office, it should be brief and to the point. It 
is seldom that a draughtsman has time to wade through 
many pages of descriptive matter in order to find a 
formula and the method of its application. Hence in 
this work brevity has been the chief aim of the writer. 

The formulte given are all the result of actual practice, 
and only those which have given good results in use 
have been included. It is hoped that by these formnlte 
the work of designing a motor, and the various other 
parts of a motor vehicle treated upon, will be reduced 
to a minimum. Numerous examples will be given to 
make the application of the formiilie as clear as possible. 

The mathematics used have been kept in as simple 
forms as possible, not only to save time, but also to assist 
those to whom the higher mathematics are oofamiliar. 
a3 

Cookie 



vi PREFACE. 

The historical and tteotetical aspects have only been 
lightly treated. Both have been ably dealt with by 
more competent hands than the present writer's, and, 
moreoTer, they are better kept apEut from atioh a work 

The writer's tiianks are dne, and are heartily accorded, 
to Mr. E. J. Stoddard, of Detroit, 17.S.A., for his per- 
missioti to include some of his work. The writ«r is 
indebted to bim for the formula for the design of 
cylinders (p. 12), and for his diagram (Pig. 6) of 
pressures and volumes. Probably many of the formnlie 
will be recognized as old friends, though, perhaps, in 
new disguises. As far as possible errors have been 
eliminated by careful checking, and it is thought that 
the book may be relied upon to give good working 
results. In this matter of revision matocial assistance 
has been reodered the writer by Mr. G. W. Sinclair, 
notably with regard to the mathematics. 

It has not been thooght necessary to give the deriva- 
tion of the various formulee, which would not affect 
their utility. 

In addition to the general index, all the formulae 
have been separately indexed to facilitate reference; 

T. HYLEB WHITE. 
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PREFACE TO THE SECOND EDITION. 

The cordial receptioD accorded the firat edition of thia 
book hj the press aod automobile public has given mneh 
pleasure to the writer, vho takes tias opportunity of 
expressing his thanks. 

It seems to have been expeoted that examples of 
present-day designs should have been included for the 
guidance of designers. The writer ventures to think that, 
owing to the constant and rapid changes in automobile 
designs, such examples would quickly become out of 
date. Moreover, designers are already well served in this 
direction by the various journals devoted to automobile 
matters. Therefore, although several additions have been 
made to this second edition, giving data relating to the 
leading makes of petrol motors and speed geats, the 
original aim of the book has been adhered to, i.e. to 
enunciate principles rather than illustrate individual 
designs. 

Another point raised is that the book does not cover 
the whole of the subject of the motor car of to-day. It 
is the writer's experience that the matters treated upon 
are those which are most often required by the motor 
designer, and it has been thou^t preferable to confine 



viu PREFACE TO THE SECOND EDITION. 

the book to these points, and thereby keep it within 
handy limits. 

The Table of Data relating to Typical Motors is 
inserted by the courtesy of Mr. Bobert E. Phillips, and 
will show the extraordinary rariation in pteaent-day 
motor design. 

T. HYLEE WHITE. 
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PETROL MOTORS AND MOTOR CARS. 

PETROL MOTORS. 

INTRODUCTORY. 

I. The Beau de Rochas, or Otto Cycle. — It was in 

1862 that M. Beaa de Bochas, a French engineer, patented 
an internal combustion engine, the principles of which have 
formed the basis for designers of this class of engine oyer 
sinca The conditions laid dovn in the patent, upon 
which the anccess of the engine depended, were — 

(a) Maximum cylinder capacity, with a miniinii Tn of 
circumferential surface. 

^&) H^h piston speed. 

(c) Greatest possible compression. 

((2) Maximum pressure at the commencement of the 
power stroke. 

With the exception of h, these conditions have been 
embodied in all the most successful internal combustion 
engines. The exception, high piston speed, has also been 
adopted to a certain extent. It has been found that the 
piston speed is limited in t^actice. 

The Beau de Eoohas cycle is often miscalled the Otto 
cycle, chiefly because Br. N. A. Otto was the first to make 
practical use of it is an engine, but the whole credit of 
the invention is certainly dne to Beau de fiochas. 
B 2 



4 PETROL MOTORS AND MOTOR CARS. 

The series of (^etfttionB in an engine working on this 
cycle are shown diagnuoimatically in Fig. 1. The indicator 
diagram, shown abOTe the cylinder, will enable the action 
of the gases, in relation to the moyemente of the piston, to be 
followed. Similar letters are used to denote corresponding 
points in the cycle on the crank path, piston travel, and 
indicator dii^ram. As it reqiures two complete revolntiona 
of the crank shaft for completion of the cycle, the crank 
path has been drawn as two circles, to prevent overlapping. 




During the first ont-stroke of the piston, &om A to B, 
a chaise of air and gas is drawn into the cylinder throngh 
the inlet valve L From B to C, the first in-stroke, the 
charge is compressed. At abont point C the compressed 
charge is ignited, tmd the consequent rise in pressure 
caaaea the piston to make its second out-stroke (power 
stroke) from C to D. During the second in-stroke, D to E, 
the exhaust valve X is held open, and the products of 
combustion are expelled, thus completing the cycle. 

To avoid infringing the patent rights which covered 
this cycle, many attempts were made to construct engines 



TWO-STROKE-CVCLE EI^GTNES. $ 

working on a different cycle. Of these, that patented by 
Mr. Di^ald Clerk, in 1880, was one of the most aucc^sful. 
In this engine the suction and ezhanst strokes of the 
Beau de Bochas cycle vere eliminated. A separate pump 
was employed to force the chai:ge of ur and gas into the 
cylinder at the termination of the expansion stroke, 
sweeping the products of combustion out through ports in 
the cylinder wall, which were uncovered by the piston 
towards the eud of each out-stroke. This charge was com- 
pressed by the in-stroke of the piston and ignited in the 
usual manner, and thus a power stroke was obtained once 
in every revolution of the crank shaft. 

Two-stroke-cycle Barnes. — ^The Beau de Bochas 
cycle requires four strokes of the piston to complete it, 
and a power stroke is only obtained once in every alternate 
revolution of the crank shaft. Not only because of the 
patent r^hts, but to obtain a more even turning moment, 
two-stroke-cycle engines have received a good deal of 
attention from time to time. The present type of two- 
stroke-cycle engines have been evolved &om the Olerk 
engine, and the operation of a typical example is shown 
diagrammatically in Fig. 2. 'the reference letters are 
used in a similar sense te those in Fig. 1, two separate 
circles being used for the crank path, the inner one show- 
ing the operations taking place in the crank chamber, and 
the outer one those occurring in tiie cylinder. By the aid 
of the indicator diagrams shown above the cylinder and 
the crank chamber, the behaviour of the gases can be 
readily followed. 

During a part of the first in-streke of the piston, from 
A to B, a chaise of air and gas is drawn into the crank 
chamber, throi^h the check valve at V. During a portion 
of the first out-9troke, &om B to G, the piston compresses 
the charge within the crank chamber to about five pounds 
per square inch above atmosphere, until the piston has 

Google 



6 PETROL MOTORS AND MOTOR CARS. 

moved far enough to uncover the porti I in the cylinder 
-wall, when a considerable part of the compressed charge 
flows into the cylinder (0 to A), through the transfer pipe 
shown. This charge is then further comptossed by the 
next in-stroke of the pieton, from I> to E, and is ignited, 
aa in a fonr-c^'cle engine, causing the piston to make a 
power out-stroke from F to G. Just before the inlet port 
I is uncovered by the piston, the exhaust port X is 
uncovered, thus allowing the piodnots of combustion to 




escape, G to H. By the time the pressure in the cylinder 
has dropped to somewhere about that of the atmosphere, 
the inlet port I is again uncovered, and a new charge 
enters the cylinder. The fresh charge is prevented from 
passing across the piston, and so escaping through the 
exhaust port X, by the baffle plate, cast on the piston head, 
which deflects the incoming chaige towards the top of the 
cylinder, and thus assists in sweeping the products of 
combustion out through the exhaust port. The operations 
in the crank chambw are simultaneoua witii those in the 
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TWO-STROKE-CYCLE ENGINES. 7 

cylinder, aa mil be evident from inspection of the two 
crank-path cirdes. Thns while the fresh charge is being 
drawn into the crank chamber, the piston is compressing 
that already in the cylinder, and while the charge in the 
crank chamber is being slightly compressed, the piston is 
receiving its impulse from the pressure due to the com- 
bustion of the charge in the cylinder. Thus a power stroke 
is obtained once in every revolatiou of the crank shaft. 

Considering the two- and fonr-stroke cycles, applied 
to engines of the same size, and working under equal con- 
ditions as to speed and fuel, it wonld appear reasonable 
to suppose that a two-stroke engine should develop twice 
the power of the four-cycle, as it has twice as many power 
strokes in a given time. As an actual fact this is claimed 
by some interested manufacturers of two-stroke-cycle 
engines, but so far has not been realized in working. The 
reason is not very evident, but probably leakage of the 
charge, combined with undue dilution of the mixture with 
the products of cconbnstion remaining in the cylinder, has 
a good deal to do with it. The compression in a two- 
stroke-cycle motor is not carried to so high a point as in a 
four-c^de, and Uiis partly explains why they are not so 
economical in fuel consumptdon. Hence it is that although 
a two-stroke-cjcle motor shows increased power for a 
given-sized cylinder, as compared with a four-cycle engine, 
both being operated under the same conditions as to speed, 
the gain is obtained at the expense of economy. It is 
seldom that the actual gain in power exceeds 60 per cent; 
over that developed by a four-cycle engine of equivalent 



The chief claim for consideration in a two-stroke-cycle 
engine is its ondoubted simplicity. There is a total 
absence of valves, except the check valve in the crank 
chamber, and even this is abolished in one design by 
making the piston act to dose and open a port in 
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8 PETROL MOTORS AND MOTOR CASS. 

commnnication with Uie oarburettot. Again, there are no 
gean, cams, springs, etc., so that the engines are cheap to 
manafactare and cost little for repairs and upkeep. It 
would seem that this design of engine will continne to 
receive much attention, and it may be that it will become 
a powerfol rival of the fonr-t^cle motor, eapeciaUy for 
automobile work. 

la this book, however, all the formolee relate to four- 
stroke-cycle engines ; it is not probable that they will be 
superseded for some time to come by the two-stroke 



S3>inbols and Definitions. — The internal combustion 
ei^ines considered in the following pages are those using 
petroleum spirit, having a spedflc gravity of 0-68 to 0*70, 
and with a low flaah-point, as fuel. This spirit is commonly 
known as "petrol," and much information regarding it 
and its combustion will be found on pp. 48-61. 

The working of an internal combustion engine is a 
strictly thennodynamic process, and the work done is 
proportional to the change in temperature. For an average 
case the chai^ in temperature will be proportional to — 

I^om these expressions it would appear that h^h com- 
pression is conducive to increased efficiency, ajid this 
assumption is verified in practice by the h^h thermal 
efficiency of the Diesel motor, in which the compression 
is carried to upwards of 500 lbs. per square inch. For 
use on an automobile, such pressures are, for the present 
at least, quite out of the qnestion, and about 90 lbs. per 
square inch, absolnte, will be found to be the practical 
limit. Even with thia pressure some device will be neces- 
sary to allow the pressure to be partly relieved when the 
* For meaaing of ijrtabDli aee p. 11. 
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SYMBOLS AND DEFINITIONS. 9 

motor is started, especially when the cylinder is lai^ in 
diameter. The compression is limited in ordinary four- 
and two-cycle motors, in which the fuel is present in the 
cylinder during compression, by the liability to premature 
ignition of the charge by the rise in temperature due to 
compression. Somewhere about 90 to 100 lbs. per square 
inch will be the limit from this cause. 

The compression pressure is an important factor in 



it" 
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I = 
I ■■ 

Oomprtnton pretntre in poundi p«r tguara fneft ahovt attaoiplteTe. 
Pio. 3. 

the mean effective pressure, and it is reasonable to suppose 
that the latter will increase in some fairly constant ratio 
to the rise of the former. Mr. Frederick Grover's well- 
known fonnula, M.E.P. = 20 - O-OIC, in which C = the 
compression pressure in pounds per square inch above 
atmosphere, is graphically illustrated by the dott«d curve 
in Fig. 3. In this diagram the vertical scale gives the 
mean effective pressure and the horizontal scale the com- 
pression pressure, both in pounds per square inch above 
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lo PETROL MOTORS AND MOTOR CARS. 

atmosphere. From practical observations, the writo 
ventures to think that the full line in the dii^ram indi- 
cates results more in accordance vith actual practice. 
It will be seen that the full line sbovs a fairly n^olar 
increase in the mean effective pressore as the comfffession 



Muoh of the efficiency of a motor wUl depend upon 
the form of the combustion chamber. It should have a 
TtiftTimnTTi of cubic Capacity with a minimum of surface, 
and this condition is best fulfilled when the combustion 
chamber is hemi-sphmc^ in form. Pockets, or porta, 
which interfere with the r^ular form of the combustion 
chamber tend to lower the heat of the burning gases and 
to decrease the efficiency of the motor ; &om which it will 
be gathered that those motors which have the inlet and 
exhaust valves on opposite sides of the cylinder, and there- 
fore in two separate pockets, are not as efficient as they 
might be. The most efficient motor, other things being 
equal, will be Uiat in which the valves open directly into 
the combustion chamber without the intervention <Hf any 
ports or passages. 

Before a motor can be designed, certain data must be 
obtained, and some factors assumed. Usually the brake 
horse-power, number of cylinders, and the number of 
revolutions are given. The compiession pressure may be 
assumed, but should ^waya have as high a value as 
possible. The number of cylinders will be governed by 
the space at command and on the permissible amount of 
vibration. The speed of the motor is aUo to a certain 
extent decided by the space available, since the power is 
proportional to the speed, otber things being equal, and 
within the permissible limits for the piston speed. 

In the formulee used for determining the dimensions 
of the cylinder and combustion chamber, the symbols 
employed have the following meanings; — 

L.:,L,zi;i:v,.G00yk" 



SYMBOLS AND DEFINITIONS. ii 

Let P t= the pireasure existing in the cylinder at the 
commencement of the oompreasion stroke, 
in potmds per square iach absolate. 

Fi = the oompreasion pressure, in pounds per square 
inch absolute. 

Fi = the maximum pressure due to combustion, in 
pounds per square inch absolute. 

Fg s the pressure at the termination of the expan- 
sion strobe, in pounds per square inch 
absolute. 

A = the cylinder area in square inches. 




V = tie total cylinder length, with the piston at 

the termination of its ont-stroke, in feet. 
Vi = the total length of the compression space, 
with the piston at the termination of its 
in-stroke, in feet 
T = the absolute temperature of the charge at the 

commencement of the compression stroke. 
Ti = the absolute temperature of the chaise at the 

termination of the compression stroka 
N = the number of revolutions per minute. 
The symbols F, Pi, Fj. Pj, are shown graphically in 
Fig. 4, and V and Vi in Fig. 5. 
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II PETROL MOTORS AND MOTOR CARS. 

Cylinder Design. — If W repreaenta the work done in 
the cylinder of an internal combustion engine, in foot- 
pounds per working stroke, then — 



(1) 



-[Q'-J 



(2) 



W-110AV[(|!)'-l] ^g^^j 



To be of practical use we require these expressions 
modified for the indicated horse-power. This we may 
obtain by multiplying by the number of impulses per 



minnte, equal to half the number of revolutions per 
minute, and dividing by 33,000 ; thus — 



(3) I.H.P. 

or — 



w 



I.H.P, 



no Av[Q - i]iii 
' 53305 

110 Av[(^)'- i]iir 



33000 

and after leducing these two ezpieasioDS become — 
•/V\! 



(5) 



I.H.P. = 



A^[Q-0'^ 



600 
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CYLINDER DESIGN. 



(6) I.H.P. = 



^^m-^i^ 



m 



These last two eipresaions may be reduced to the 
follomng forms, which are more conTenient in use. 
The table of roots, p. 139, will be useful in this con- 
nection. 



(7) AT = 



(8) 



600 x: 


[.H.P. 


i^/l 


-1)K 


600 X 


I.H.P. 



'm-ry 



In ftU these formula we have only considered the 
indicated horse-power. The brake horse-power will depend 
upon the mechanical efficiency of the engine, which for 
the larger sizes, say 15 E.F. and over, may be safely 
assumed at 80 per cent., and for smaller engines 70 per 
cent. Put in other words, the brake horse-power will be 
obtained by multiplying the indicated horse-power by 0'8 
and 0*7 for large and small motors respectively. 

To illustrate the use of the formulae, we will take 
as an example a motor having two cylinders capable of 
developing 12 brake horse-power at a normal speed of 
900 revolutions per minute. Wo will assume the com- 
pression to be 70 lbs. per square inch absolute, i.6. 55 lbs. 
per square inch above atmosphere. Each of the two 
cylinders must develop half the total power — that is, 
6 brake horse-power — and for a motor of this size we shall 
be safe in taking the mechanical efficiency at 70 per cent. 

Google 



14 PETROL MOTORS AND MOTOR CARS. 

Hence each oylindw mnsb be capable of developing jrs 

= 8-67 indicated hcaw-power. 

Subfititating tbese known Talaes for their symbola in 
formula 8, we have— 

.„ 600x8-67 2x8-57 17-14 -,-„ 

Having the valne of AV in feet, we may reduce it to 
inches by multiplying by 12, and hence — 

AT = 11-5 X 12 = 138 inches 

We may now assume the value of either of the factors 
A or T, and obtain that of the other by calculating. It 
is convenient to assume the value of A, and in this case' 
we will take it as 15'9 si^uare inches, %.e. the area of 
a cylinder 4^ inches diameter. Expressing this as an 
equation, we have — 

15-9 V = 188 

.-. V = 8-68 inches 

This gives us the total lei^th of the cylinder with the 
piston at the end of its out-stroke. By subtracting from 
this the length of cylinder necessary for the compression 
apace, corresponding to Vi, we shall obtain the stroke. To 
simplify this and eliminate calculations, the diagram, Fig. 6, 
has been prepared. To obtain the length of the com- 
pression apace it is necessary to ascertain the value of 

V, 
the ratio = corresponding to 70 lbs. per square inch 

absolute. In the diagram, Fig. 6, commencing at the 
point indicating 70 lbs. on the right-hand vertical scale, 
draw a horizontal line to cut the curve AB, and &om 
the pcont of intersection drop a perpendicular line to cut 
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the base line. Tbiflvill fall on the point marked -3. The 

y 
▼also of the ratio ^ for 70 lbs. compression absolute is 

theiefoie 03. !^ moltiplTing the Ttdne of Y b;' thia 



figure, we obtain the length of the compression apace j 
thus — 

8-68 X 0-3 = 2-6 inches 
The compression space (Vi) is therefore = 4^ inches 
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diameter x 2*6 inches long, and the stroke of the piston 
iriU be 8 68 - 26 = 608 inches. It wiU be sufficiently 
accurate for all practical purposes if we take the length of 
stroke as 6 inches, and the length of the compression 
space as 2f inches. In other words, the length of the 
cylinder denoted by V should contain 138 cubic inches, 
and Yi 42 cubic inches. The diagram. Fig. 6, will be of 
considerable assistance to a motor designer, as from it may 
be obtained, without calculation, the ratio of the cylinder 
and compiession-space volumes foi a given compression, 
the compiessioD pressure corresponding to a ^ven ratio of 
volumes, the approximate maximum explosion pressnie, 
and the theoretical indicator diagram. In the diagram 
the vertical scales represent pressures in poonds per 
square inch absolute, i.t. gauge pressure plus atmospheric 
pressure, which in this instance has bsNi taken as 14'5 
lbs. per square inch. The horizontal scale at the 
bottom represents the total cylinder length (V), and is 
divided into tenths and hundredths. The method of 
reading the diagram is as follows : The curve AB shows 
the relation between volume and pressure during the com- 
pression stroke, and is to be read by the scale on the left. 
The curve CD has the same significance as AB, except 
that it is to be read by the left-hand scale of pressures. 
The curve EF represents the relation between volume and 
pressure after the charge has been ignited, or, briefly, is 
the expansion line. 

For example, suppose we have a motor with a ratio of 
volumes (Vi : V) of 1 to 4, or 0-25. What will the com- 
pression and maximum explosion {nressures be, assuming 
that a correct mixture of air and gas is employed as fuel ? 

At the point a on the horizontal scale, corresponding 
y 
to the given ratio of volumes, y^ = J, or 025, erect a 

perpendicular cSx, cutting the curve AB at c, and fiom 
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e draw a horizontal line to the scale on the right. This 
will be found to toxicb the scale at a point corresponding 
to abont 90 lbs., which ia therefore the absolute com- 
pression pressure. To find the maximum pressure dne to 
combustion, continue the line abc to cut Uie curra £F 
at i, and from i draw a horizontal line, it, to the left- 
hand scale, and where it touches the scale the rpnTimiim 
pressure may be read. In this instance it is about 320 
Iba. absolute, or 305 above atmosphere. 

The theoretical indicator diagram is to be read entirely 
by the left-hand scale, and is represented by the curve C6, 
compression line ; hd, explosion line ; curve dS, expansion 
line ; and FG, exhaust line. The area enclosed by these 
curves and lines represents the indicated work of the 
engine per working stroke. 

From the diagram, F^. 3, the mean effective pressure 
may be read directly. In this figure the horizontal scale 
at the bottom represents the compression pressure in 
pounds per square inch above atmosphere, and the vertical 
scale on the left the mean effective pressure, also in 
pounds per square inch above atmosphere. As mentioned 
previously, this curve has not been obtained solely &om 
theoretical considerations, but has been deduced mainly 
fix)m recorded data. It is not put forward as beii^ exact, 
but as a close approximation to actual practical conditions. 
The compression pressure is an important factor in the 
mean effective pressure, inasmuch as a reduction of one 
pound in the compression pressure wiU make a difference 
of nearly 10 per cent, in the mean effective pressure. To 
make tjie relation between the pressures and volumes 
quite clear at a glance, they may be expressed in the form 
of equations ; thus — 

(9) i'.-4.v'^ 
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(10) v, = v>/|v'f 

ti ri 

both of whict are convenient to nse with ordinary tables 
of roots, snd give results as accurate as can be expected 
from anj general formolse. 

When a charge is drawn into the cylinder it will be 
heated, and will then expand. Conaequentlj the actual 
amount of combustible mixture taken into the cylinder 
will always be leas than the theoretictd quantity. The 
heating is mainly caused by the hot residual gases of the 
previous stroke. We may therefore assume that the rise 
in temperature &om this cause will be approximately 
equal to the ratio of the volume of the hob gases to the 

y 
volume of the charge drawn in, or to s= — \=~. 

Assuming the temperatare of the air to be 60° Fahr., i.e. 
620° Fahr. absolute, and adding to this the above ratio, 
multiplied by a constant (280), which gives results corre- 
sponding to recorded data, we shall have — 



(11) T = 280(^^) + 



520 



By multiplying the results obtained from equation 11 
by the expression ■%/ tT ^* ^^ ^'^'^^ ^'^ temperatare 
at the end of the compression stroke ; thus — 

(12) T. = Ty^^ 

In the following table the values of T and Ti have 
been calculated from equations 11 and 12, and the volume 
ratios to which they correspond will be found in the first 
column : — 
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TABLE 1, 



;> 


T 


T, 


0-5 


800 


1008 


0-473 


778 


890 


045 


748 


877 


0425 


727 


967 


0-4 


707 


959 


0'375 




955 


0-33 


671 


952 


0-825 


655 


953 


0-3 


640 


856 


0-27S 


627 


964 


0-25 


613 


973 




601 


988 


02 


SS» 


1008 



Now tHe average valne of Ti, aa shown by the last 
colomn, is 973° Fahr. absolute, and thia average varies leas 
than 4 per cent, from the two extremes. Therefore we 
shall not introduce any serious errors into our calculations 
if we assume the temperature of compression as constant 
and equal to 973" Fahr. absolute. 

With a rich mixture, and with all conditiona favour- 
able, the temperature will rise to somewhere about 3400° 
Fahr. absolute, on ignition. The exact temperature attained 
when the charge is ignited is at the present time still a 
matter for some conjecture, but the above value will be 
close enough for the purpose of these calculations. The 
pressure rises in proportion to the temperature, so that 
by multiplying the compression pressure by the ratio ^^^ 
we shall have the maximum pressure due to combusUon. 



(13) Ps = Pii^l = 3-5Pi nearly 

If it is correct to assume the same law for expansion 
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as for coDapreasion, the pressure at the termmatioD of the 
expansion stroke should be obtained by die following 



(14) Pa = 3-5P = 3-5 x 14-7 = 51-45 lbs. absolute 

There is some doubt as to the absolute accuracy of this 
last expression, as the same law does not quite answer 
for compression and expansion, but the actual reaulte 
approximate very closely to recorded data, so that the 
formula may be allowed to stand as a convenient approxi- 
mation. 

The ratio between the cylinder diameter and the lei^th 
of stroke is mainly determined by the piston speed allowed. 
This varies between wide limits in actual practice, ranging 
from 600 to as much as 1300 feet per minute. The most 
economical piston speeds are, for vertical motors, 800 feet 
per minute, and for horizontal motors 700 feet per minute. 
Where space is limited, and a larger output from a given- 
sized engine is required, these speeds may be somewhat 
exceeded, with a corresponding loss of efBciency. 

In small motors the thickness of the cylinder walls 
is not 30 much a matter for calculation, but is rather 
determined by tlie requirements of the foundry. It is 
most unlikely that small cylinders will be cast so thin 
as to be unsafe, but with cylinders of 4-inch diameter and 
upwards it is advisable to calculate the thickness. A 
convenient formula for rapidly approximating the thickness 
of the walls is — 

(15) K = 0075D 

where K = the thickness of the cylinder walls in inches, 
and D = the diameter of the cylinder bore in indies. If 
we vrish to calculate the thickness, taking into account 
the safe stress per square inch to be allowed for the 
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material of which the cylinder is compoaed, the following 
eqoatioQ may be employed : — 

(16) K=^ 

in which K = the thickness of the cylinder walla In 
inches, B = the diameter of the cylinder bore in inches, 
Fi = the absolute compression pressure, and/ = the safe 
working stress in pounda pOT square inch. If we take 
the maximum pressure as 3'5 times the compression 
pressure, and the safe stress at 3500 lbs., the expression 



which after reducing will be — 

(18) K = -^ 

^ ' 2000 

Thwe does not appear to be any need for a formula 
for the thickness of the water-jacket walls, as there is no 
stress to speak of to be resisted by them. If made thick 
enough to obtain good castings, the jacket walls will be 
quite strong enough for all other purposes. If a rule is 
required for the sake of uniformity of design, then the 
jacket wall may be made half Uie thickness of the 
cylinder walL 

The water space around the cylinder should bear some 
relation to the thickness of the cylinder wall, and a ratio 
which gives good results is to make tJiia space 1*5 times 
the thickneas, or 15 K. For small cylinders the space 
will probably be determined by the ability of the moulder 
who makes the casting, rather tliao by the formula. The 
limit for the water space from this cause will be about 
I inch. In designing the cylinder and its water jacket, 
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care ahonld be taken to avoid all pockets in tMcIi air or 
steam may collect and prevent the water coming in contact 
with the cylinder walls, as this woold tend to cause 
unequal cooling, with perhaps serious reanlta. The import- 
ance of keeping Uie cylinder tmiform in shape, and without 
pockets, has been mentioned on p. 10. 

In motors which have more than one t^linder cast 
integral with the water jacket, it is good practice to 
arrange for a water space between the cylinders. This 
not only ensures more equal cooling effect, but, by the 
thickness of the metal being made more uniform, will 
tend to prevent sponginess in the castings. All water- 
jacketed cylinders sbotild be tested by water pressure to 
at least 50 lbs. per square inch, inside the jacket space, 
to make sure that the metal is sound, and this should be 
done after the cylinder b^e has been machined. If there 
are very small cracks in the jacket, the casting need not 
be rejected, as by filling the jacket with a solution of 
salammoniac the cracks can be rusted up. If, however, 
there are the slightest signs of water percolating into the 
cylinder or combustion chamber, the casting should be 
replaced with a sound one. The sudden and severe 
stresses to which the cylinder, and especially the com- 
bustion chamber, are subjected render the use of the 
nisting-ap process on unsafe remedy. 

The valve chamber should always be well water 
jacketed, especially around the exhaust valve. The inlet 
valve can generally be left unjacketed, as the rush of the 
cool mixture past this valve "siM, as a rule, keep this part 
cool enough. In this connection it may be noted that 
the sparking plug should always be located in such a 
position that the cool incoming charge will impinge upon 
tiie sparking points, and thus prevent them becoming hot 
enough to cause premature and irregular ignition. 

Valves. — Until recently it was a very common 
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occnirenoe to find the valves and valve porta consider- 
ablj smaller tlutu they should have beea. The importance 
of ample area for the valves and valve passages may be 
gauged &om the fact that for each pound reduction of 
pressure below atmosphere at the commencement of the 
compieasion stroke, the pover of the engine will be lowered 
about 10 per cent. A short lift to the valves allows of 
their closing in a shorter time than when the lift is high, 
and for tbia reason the diameter should be kept as large 
as can be conveniently allowed. The main factor in 
determining the areas of the valves and passages is the 
speed at which the gases will pass through them. Hence 
the size of the valves will depend upon the area of the 
piston and its speed in feet per minute. 

For the inlet valve and port, the area should be such 
that the speed of the gases will not exceed 100 feet per 
second, and for the exhaust valve 85 feet per second. If 
the exhaust gases were expelled from the cylinder at 
atmospheric pressure the allowable speed could be the 
same aa for the incoming chai^ ; but as at the moment 
of release the pressure is never much less than 25 lbs. 
above atmosphere, and may be as high as 51 lbs. (see 
formula 14, p. 20), the lower speed is taken. 

A common rule for the valve dimensions ia to make 
the inlet-valve area one-twelfth and the exhaust-valve 
area one-tentb the area of the cylinder. For roughly 
approximating the sizes of the valves this rule answers 
&irly well, but to obtain the best results the following 
fnrmulffi should be employed : — 

Let S s the piston speed in feet per minute. 
A 1= the area of ^e cylinder in square inches. 
I = the area of the inlet valve in square inches. 
£ sa the area of the exhaust valve in square 
inobea. 
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■nan— 




(19) 


, AS 
' = 6000 


(20) 


6000 



The angle of the valTfl seatioga should be 45° to the 
vertical axis of the valve stem. If made naoie acute, there 
ia some risli: of the valve sticking in the seat ; if much 
flatter, particles of carbonaceous matter may adhere, and so 
prevent the valve closing properly. The vidth of the 
actual seating may be about equal to half the thickness of 
the head of the valve, or OOS times the diameter of the 
valve opeoiug. The wider the seating, in reason, the 
longer tiie valve will vork without ib being necessary to 
re-grind the seating. Also the pittii^ and erosion due to 
the rapid passage of the hot products of combustion is 
much more pronounced with narrow than with wide seats. 
The valves themselves are usually made of one piece of 
mild steel, but in the case of large valves the head is 
sometimes made of cast iron, or even nickel alloy, which 
is screwed and riveted to a mild-steel stem. This is 
claimed to make a more durable valve than one constructed 
entirely of steel, but the writer's observations go to show 
that the greater amount of pitting and erosion take place 
on the valve seat, and tbat a mild-steel valve head is 
ptictically as good as one of cast iron. It might be 
expected that nickel steel would give the best all-round 
results as a material for exhaust valves, but the writer 
has no data ou this point When the head of the valve is 
made separate from the stem, there will be a possibility of 
the head becoming loose on the stem, which is entirely 
avoided by the one-piece valve. 

It is of Uie utmost importance that the guide, in which 
the stem of the valve works, should be perfectly concentric 
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vith tbe valve seat. The practice of making the valve- 
atem gnide separate and screwing it into the valve box is 
to be deprecated, as it usually results in the guide being 
eccentric vith the seat. Even if made true to commence 
with, the ezpansioD and contraction due to the changes in 
temperature will, ia the nuy'ority of cases, cause the guide 
to become eccentric with the seat boodw or later. If cast 
integral with the valve box, the guide can be made trne 
wiih the seat once for all, and will remain so. If, how- 
ever, the valve box is insufBciently water jacketed, or is 
cooled on one side more than another, there will be coq- 
siderable risk of Qie valve-stem guide beii^ warped when 
the valve box is heated. 

Next to havii^ the valves the correct size, the matter 
of timing their operation takes an important position. The 
exact moment at which the exhaust valve should open 
depends, for the most part, cm the piston speed. A motor 
running with a high piston speed will require to have the 
exhaust valve opened considerably earlier in the cyde 
than when the piston speed is low. There is not much 
data available on this point, but as a guide it may be 
stated that with a motor having a piston speed of 700 feet 
per minnte, the exhaust valve should commence to open 
when the piston has completed eight-tenths of its stroke, 
and close when the piston has started on its suction stroke, 
and Tiot exactly at the dead centre. The reason why the 
valve should be late in closing, althoi^h this is contrary 
to usual practice, is that with a high piston speed the pro- 
ducts of combustion wiU not have all escaped from the 
cylinder at the termination of the exhaust stroke. The 
exact amount by which the closing of the exhaust valve 
should be delayed will best be determined by experiment. 
At slow piston speeds of, say, 500 feet per minute, the 
exhaust valve may be closed exactly at the dead centre. 
The writer has observed a decided improvement in power, 

Cookie 
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in the case of high-speed motors, when the closing of the 
exhaost valve has been thos del&7ed, hence it is reasonable 
to assome that the prodacts of combostion are not entirely 
expelled by the time the piston has finished its in-stroke. 
From consideration of this pointi the 'writer has for some 
time been of the opinion that Uie mechanically operated 
inlet valve, as applied to high-speed engines, is a mistake. 
The usual practice is to open the inlet valve immediatdy 
the exhaust valve closes, without reference to the pressure 
existii^ in the cylinder. Thus if the pressure vitMn Uie 
cylindw is above atmospheric at tiie moment the inlet 
valve is opened, in place of a &esh mixture flowing into 
the combustion chamber, there will be a rush of the 
residual, burnt gases into the carboiettor. Before any 
&esh mixture of air and gas can be taken into the cylinder, 
these burnt gases must be drawn back throi^h the inlet 
valve, and the greater the piston speed, the more will this 
effect obtain. With a motor required to run at a low 
piston speed, the mechanically operated inlet valve un- 
doubtedly gives better efficiency than die automatic valve, 
and in point of fact the diief daim made by the advocates 
of the mechanical valve is that it enables the motor to be 
run at a mnch slower speed than when it is equipped with 
automatic inlet valves. 

The most rational meUiod of overcoming the defects of 
the automatic and mechanically operated inlet valves 
would seem to be that in which tJie moment at which the 
valve opens should be determined by the pressure existii^ 
in the combustion chamber, as in the valve gear invented 
by Mr. B. E. Phillips, M.I.M.E., where the pressure of the 
spring which holds the inlet valve on its seat is relieved a 
short time before the completion of the exhaust stroke, and 
the inlet valve is kept closed by the pressure of the gases 
in the cylinder. When the pressure in the combustion 
chamber falls to that of the abnoaphere the inlet valve is 
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free to open, either by its own weight, if inverted, or by 
the auction effect of the piston, withont the lestiaiiiing 
influence of any spring. A l^ht spring may even be 
used to assist the valve in opening. Prompt closing of 
the valve ia ensured by the valve spring being allowed to 
again resume its fnnction. With automatic inlet valves 
the spring tension ia a matter requiring careful adjustment 
If too strong, the valve will only open, and remain open, 
while the preasure in tiie cylinder is below that of the 
atmosphere to an extent depending upon the strength of 
the spring, resulting in small chaises and a consequent 
lowering of the compression pressure. With a weak 
spring the valve will open with a very slight vacuum in 
the combustion chamber, and thus full charges will be 
assured, but the closing of the valve may be so delayed 
that the greater portion of the charge will be returned 
into the carburettor. At the best only a compromise is 
possible, and the general tendency is towards UEiing a fairly 
strong spring, and rightly so, as the lesser of two evils. 
The time taken by the inlet valve in closing, especially 
with high-speed motors, is important. This time may be 
calculated from the followii^ formula : — 



(21) S = 00721y/^ 



in which S == the time in seconds, L = the lift of the 
valve in inches, W = the weight of the valve, and M = 
tiie average pressure exerted by the spring. W and M 
must both be taken in the same units, either ounces or 
pounds. Taking, for example, an engine miming at 800 
revolutions per minute, with a valve weighing 6 ounces, 
and having a lift of, say, ^ = 0*34375 inches. Aasuming 
the spring selected to have an average tension of 12 
ounces, and substituting known values in the formula 21, 
we have^ 

D,q,i,.cd by Google 



28 PETROL MOTORS AND MOTOR CARS. 

S = 00721 \J ^'^^^ ^ = about 003 second 

At 800 reTolntions per minate the engine would ma^e 
one reTolutaoQ in ^^ = 0*075 second, or one stroke in 
0-038 second; that is, Haa engine would make nearly one 
complete stroke wtiile the valve is closing. Evidently a 
much stronger spring ia required. To calculate the size 
of spring to be osed the fonnnlffi given by Professor Unwin 



•r~ 

n 

Fig. 7. 

will be found of great utility. For the force reiiuired to 
compress, or extend, the spring, we have — 

(22) F =. 3250QOQd' 

in which F = the force necessary to compress (or extend) 
the spring one inch, in ounces ; d = the diameter of the 
wire in inches ; r = the mean radius of the coil in inches ; 
and n = the number of coils. These proportions are 
graphically illustrated in Fig, 7. 

The formula for the safe worldng load on the spring, in 
pounds, is — 

(23) r = i52oo^ 
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the notation being the same as for formula 22. To 
facilitate tbe application of these two formula, the following 
table has been calcitlated : — 



So. of Wirt. 


iMh-. 


S,SBe.«HWonnc«. 


io.«MWponiUI* 


6 


0-203 


5519'0 


88-4 


7 


018 


34120 


58-32 


8 


0165 


24090 


14-92 


9 


OlM 


15600 


32-4 


10 


0184 


10480 


24-0 


11 


012 


6740 


17-28 


12 


0109 


458-8 


12-96 


13 


0095 


264-7 


8-53 


14 


0-083 


154-3 


6-72 


15 


0072 


87M 


374 


16 


0065 


58-02 


2-74 


17 


0058 


3678 


2-0 


IB 


0-04 


18-74 


1-17 


19 


0012 


1012 


0-74 


20 


0035 


4-88 


0-428 


81 


0-032 


3-41 


0-328 


22 


0-028 


2-0 


0-22 


28 


0-025 


1-27 


0154 


24 


0-022 


0-7614 


0106 


2S 


0-02 


0'52 


0-OB 


26 


0-018 


0-3412 


0058 


27 


0-016 


0-213 


0041 


28 


0'014 


0-125 


0-028 


29 


0'013 


0-093 


0-022 


SO 


0012 


0-0674 


0014 



When the force required to compress, or extend, the 
spring i inch has been found, the force necessaiy to 
compress it more or less can be ascertained by simple 
proportion. 

In the example selected above we found that a spring 
with an average tension of 12 ozs. -was much too weak 
to ensure prompt closing of the valve. Suppose we decide 
to try a 19-lb. spring to increase the speed of closing. 
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We shall have for the sue of wire, from fonnnla 23, 
assamii^ a mean radins of \ inch — 

19 = i»°°»?,.-.4-76 = 1000W 

U'^0 

Looking in the fourth colamn of Table 2, the nearest 
(higher) number to 475 is &'72, corresponding to a No. 14 
gange wire, which will therefore be strong enough, pro- 
Tided the tension does not mnch exceed 19 lbs. Suppose 
we have room enough for 32 coils ; substituting known 
values in formula 22, we have for the fcm:e necessary to 
compress the spring 1 inch — 

From the third oolonm in Table 2 we find that the 
valne of the second membw fA this equation, for a 14 
gauge wire, is 154*3, and therefore the force required to 
compress our spring 1 inch will be — 

164 X 2 = 308 ozs., or 19-26 lbs. 

With this sprii^ the valve will dose in 0*0065 second, 
that is, in less than one-fifth of a stroke. The actual 
force exerted by the spring on the valve will be practically 
in proportion to the lift, or, as we have assumed a lift of 
1^ inch, it will be eqnal to 19 x 0-34375 = 6-6 lbs. 

The arrai^ment of the valves differs considnably, and 
in some designs efficiency is sacrificed to obtain a motor 
symmetrical in appearance. It should be the aim of the 
designer to reduce, as much as po^ble, the length of t^e 
passage leading from the combustion chamber to the valve 
box. Long passages, especially if much curved, tend to 
cool the gases, and so lower the thermal efficiency of the 
motor. Other things being eqoal, the valves wUl be in 



..Gooylf 



VALVES. 31 

the best position vihea the; open diiectly into tlie cylinder, 
Tlie Mandslay motor is an excellent example of correct 
placing of the valves (Fig. 8). 

In designing the valve box there are two points -which 
should not be lost sight of. One ia that the exhaust- 
valve seat should be sunk belov the level of the port 
leadii^ to the combustion chamber, so that the products of 




combustion do not impinge upon one side of the valve, 
but shall be compelled to flow equally all round it. If 
the gasea strike the v^ve on one side only, it, and the 
seatang, mU be pitted and burnt in one part more than 
another, and regrinding will seldom effect a cure for this. 
The annular recess around the valve should provide ample 
area for the passage of the gases. 
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The second point is to make sure that there is sufiBcient 
room around the valve head, when lifted, for the easy 
passage of die gases. The annular epace between the 
periphery of either the inlet or exhaust valve and the 
interior wall of the valve chamber shonld be abont one- 
fifth greater than the actual area of the valve opening. 

It is as well to have a standard of proportions for the 
valves, and those given in Fig. 9 will be found to work 
out well in practice for ezhauat valves. The same pro- 
portions may well be used for mechanically operated inlet 




valves, but for automatic inlet valves they may be made 
about 15 per cent less. It is convenient to make the 
inlet and exhaust valves of the same size, and inter- 
changeable, when both are operated mechanically, 
calculating the area of both by formula 20, i.e. the 
inlet valve should be as large as the exhaust requires to 
be, and not vice vers&. 

To provide ample surface to resist wear, and to prevent 
leakage as far as is reasonably necessary, the ezhauet- valve 
stem guide should not be less than eight times the diameter 
of the stem in length, and will be all the better if made 
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10 diameters long. Ab the conditions of -woiking aie 
tnQch less severe in tlie case of the inlet valve, the stem 
guide for this may be safely made 6 diameters long. 

The Piston. — There appears to be considerable varia- 
tdon in the proportions adopted in the design of pistons ; 
in some cases they are made as much aa two and a half 
times the dimneter in lei^th, while in others the length 
and diameter are made eqaaL A standard may be adopted 
for the length, based on consideration of the wearing 
surface necessary, which will be found to agree with the 
average proportions used by the best-known makers. The 
piston of an intemal-combnstion motor has not only to 
transmit the energy of the "explosion" through the 
medium of the connecting rod to the crank shaft, but has 
also to act as a guide, and receive the angular thrust of 
the connectdi^ rod. 

Fig. 10 gives su^ested proportions for the piston, all 
the dimensions being based on the diameter as a unit 
with the exception of the gudgeon pin, which Is best 
deseed &om consideration of the stresses it has to bear. 
At least three piston rings should be used on all but the 
smaUest pistons, such as motor-bicycle engines, up to 
2} inches diameter, and for pistons larger than Zif inches 
diameter four rings are advisable. The use of an eztm 
ring near the outer end of the piston is of doubtful 
advantage. 

The proper fit of the piston in the cylindra is a matter 
requiiiug some skill to accomplish satisfactorily. A poiat 
very often overlooked is the expansion of the end plate, or 
piston head, owing to its being in contact with Uie burning 
chai^ during the power stroke. From this cause the 
closed end of the piston will expand a sensibly greater 
amount than the open end ; hence, when cold, the form of 
the piston should be such that tlie unec[ual expansion will 
be accommodated when the piston is heated. It is by no 
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means uncommon to find that a motor will give more 
power, and run more sweetly, after haviDg been used some 
time than when quite new. Thia is probably due to the 
piston having been or^inally turned to fit the cylinder 
closely for the whole of its length, so that, when it is 
heated in running, binding takes place to a greater or 
leaser extent around the closed end, until by continiied 
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ru nnin g the piston wears on the parts which bear hardest 
against the cylinder walls. The writer's method is to 
make the piston perceptibly smaller at the closed end 
before any running is attempted, to compensate for expan- 
sion. The allowance usually required is quite small, but 
the improvement in the running of the motor is very 
marked. About 001 inch on the diamet&r for each inch 
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diameter of the piston will be fouiid a good working 
^owance. The redaction in diameter can he gradual, 
tapering &om the standard diameter near the gadgeon pin 
down to the full reduction at the closed end. Another 
method, which gives equally good resnlts, is to make the 
diameter slightly less on each of the belts betwe^i the 
piston rings, commencing with the standard diameter at 
the gndgeon pin, and dividing the total amount allowed 
for iho reduction into equally proportioned steps between 
the rings. When a number of motors are to be made of 
one size it will be advisable to experiment with the first 
of the series till the piston bears equally along its whole 
length when hot, and to then carefully take the dimensions 
at various points with a micrometer, and to enter thran on 
the piston drawing. 

Piston Rlnss. — To obtain a practically equal amount 
of pressure over the whole oitcumference of the piston 
rings, diey ahoold be made thicker on one side than the 
other, the cut, or split, being made at the thinnest part. 
The outside should be turned a dead fit to the cylinder 
bore after the ring has been cut, and with the opening, or 
slit, quite closed. The practice of turning the rings " just 
a little " lai^er than the cylinder, making a plain diagonal 
saw-cut in them, and then springing them into the 
cylinder, cannot be too strongly condemned. Such rii^ 
are necessarily more or less oval in form, and the chances 
are that before they wear to a circular shape the cylinder 
bore will be worn somewhat oval, in which case the only 
remedy will be reboring. Also there can be no certainty 
that the jointe of such rings wiU be close, and if they are 
not there is sure to be some leakage past them. The 
Davy-Eobertson linga have much to recommend them. 
They are turned a dead fit to the cylinder bore, and are 
parallel in thickness all round. The necessary spring is 
obtained by hammering them on their inner surface, the 
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ling being placed within a close-fitting die the while; 
The foice of the hammer blowa is graduated, being at a 
maxiimiTn opposite the joint, and at a minimum juat at 
the joint. By this process the rings have p^ectly 
uniform spring imparted to them. MoreoTer, the ring 
being of equal thickness all round, there is less chance of 
leakage by the gases passing behind the rings, as th^ fill 
the grooves in the piston more completely than eccentric 
rii^. 

Fig. 11 shows the proportioDB for eccentric rings, the 




unit being the cylinder diameter, and also illnstrates the 
best form of joint. Hard cast iron is the best material 
for piston rings ; if made of steel, there is considerable risk 
of the cylinder walls being scored, and also the spring of 
cast-iron rings is superior and more lasting than that of 
steel rings. 

Qudgreoti Pin.— The maiimnm pressure allowable on 
the gudgeon pin is 800 lbs. per square inch. This figure 
does not apply to the actual strength of the pin, bub 
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r&tlier to the adaptability of Uie bearing surfaces to retain 
the lubricant. In determmlng the size of the gudgeon 
pin the maximum pressure in the cylinder is used a& a 
&ctor, and this may be obtained from the formula— 



(24) P, = 50A^^^ 



in vMch the meaning of the symbols is as given on p. 11. 
The maximum presauiemay also be read from the diagram, 
Fig. 6, p. 15. The diameter of the gudgeon pin may be 
found from the following formula — 

(25) rf = 0-06V^LD^ 

in which d = the diameter of the gudgeon pin in inches, 
B = the diameter of the cylinder in inches, L = the crank 
radius in inches, and Fg = the maximum pressure in the 
cylinder. 

Crank Shaft. — The allowable pressure on the jounuds 
of the crank shaft and on the crank pin should not exceed 
400 lbs. per square inch For the diameter of the crank 
shaft the following formuhi will be found to give liberal 
dimensions; but considering the great stresses to which 
the crank of an automobile engine is subjected, the size 
obtained will not be greater than is required to provide a 
good factor of safety — 

(26) d = 0-06DVl^ 

where d = the diameter of the crank shaft, D b the 
diameter of the cylinder, and Pg the maximum pressure 
in the cylinder in pounds per square inch absolute. Formula 
26 is suitable for cases where the length of the journal 
does not exceed 1'6 times the diameter. When the ratio 
of the length to the diameter is greater than this, the 
following may be employed — 
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(27) rf = 0-05V^LD' 

in wliicli L ^ Uie length of the jonnul, and Uie other 
facton Eire as above. In both these formnlee the diameters 
and the length are to be ezpiesBod in inches. 

If we wiah to first assmne the diameter of Uie journal, 
we can obtain the length from — 



(28) 



"4003 



in which the factors are L = length of the journal in 
inches, A = the area of the cylinder in square inches, 
(2 = the diameter of the shaft or crank pin in inches, and 
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Fis. 13. 

p = the mean efTectiTe pressore in pounds per square inch 
above atmosphere. This formula allows for a pressure not 
exceeding 400 lbs. per square inch on the projected area 
of the bearing surface. 

Su^ested proportions for single-throw CTank shafts 
are given in Fig. 12, based upon the diameter of the shaft 
as a unit. For crank shafts with more than one throw, 
the formulae given above may be used, but the diameters 
so obtained should be increased by 10 per cent, in the case 
of two-throw shafts, and by 15 per cent, for four-throw 
shafts. If there is a bearing between each throw, then 
the webs will be strong enoi^h if made to the proportions 
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in Fig. 12. Sometimes it is Qecessary to do without a 
centre bearing in a two-throw shaft, owing to lack of space. 
In this case the centre web should be made 1*3 to 1*5 
times the thickness of the outer webs. 

Connecting Rods. — The connecting rod used in a 
petrol motor is usually of the marine type, so far as the 
big end is concraned, the small end being provided with 
a simple bush, and non-adjnstable. Provided there is 
sufficient bearing surface, ample lubrication, and suitable 
materials are employed, there is very little gain in 
making the sm&U end of the rod adjustable. Under 
proper conditions the engine may be run for a loi^ time 
before the gudgeon pin becomes loose in the bn^, and 
when this does occur it is cheaper to renew the bush than 
to spend time in readjusting a small end bearing of the 
usual type. 

The section of the rod itself varies in different engines, 
but the most usual section is rectangular. Circular cross> 
sectioned rods are used to some extent, and they rae 
somewhat cheaper to machine, being entirely finished in 
the lathe. For rods of circular cross-section, the following 
formulee will be convenient for arriving at the m«a» 
diameter — 

(29) d = OOgy'IS Vy- 



(30) d = 009v^,^y^ 



in which L = the length of the connecting rod in inches, 
from centre to centre ; D = the diameter of the cylinder 
in inches ; tmd P, Pi, V, Vi, as on p. 11. 

For a rod of rectangular cross-section the thickness 
may be 045 of the diameter as found by the above 
formula, and the width 25 times the thickness. All the 
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above data apply to rods made from mild-ateel forginga. 
If malleable cast iron be used, tbe dimensions should be 
increased in inverse proportion to the relative strengths of 
the material as compared with that of mild steeL 

It is nsoal to rely on the oil splashed about the crank 
case for the lubrication of both ends of the connecting rod, 
bnt of late there have been motors coostructed wherein 
the lubrication is effected by pumping the oU under 
pressure to the bearings through small pipes, as in the 
well-known Belliss and Morcom high-speed steam engine. 
The lemarkable freedom from wear in the Belliss engine 
would seem to promise that by the same means petrol 
motors may be made much more durable than at t^e 
present time. Also some anxiety would be saved the 
operator. By providing snitable ducts the pressure system 
could be made to lubricate the piston as welL Another 
point in fovour of forced lubrication is that the small oil- 
ways and pipes are not so liable to become stopped np as 
when the oil is merely allowed to run tlirough them by 
gravity. 

The Flywheel. — As compared with steam engines of 
equal power, petrol motors, especially when single 
cylindered, require very heavy flywheels. Tins is, of 
course, due to Uie great proportion of idle strokes made by 
the piston. Motors having three, four, or more cylinders 
may have flywheels considerably lighter than when only 
one cylinder is used, owing to the greater r^ularity of the 
turning moment. In the formulse given below, this point 
has received attention by the provision of a factor repre- 
senting the proportion of impulses to the revolutions per 
minute. Other things being equal, a flywheel of large 
diameter will be more efficient than a small one of equal 
weight, or, in other words, by increasing the diameter of 
the wheel, the weight may be reduced without loss of 
efficiency. In an automobile there ia not oAen room for a 
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flywheel of large diameter, bo tliat the rim most be made 
wide in order that the weight may be aa far from the 
centre as possible, where its greatest effectiTeness will be 
secured. As the duty of a flywheel is to act as a reservoir 
of energy, the effect of the other revolving masses, such as 
the clutdi and gear wheels, tiie road (driving) wheels, and 
the weight of the vehicle itself, when all these are in 
motion, may be r^arded aa assisting the flywheel When 
considering the speed variation of a motor, the difference 
in speed between no load and full load is not a matter for 
flywheel regulation, bnt for the governor, lb is the 
steadioeaa in speed between the impulses that the fly- 
wheel is intended to effect, and in this matter the governor 
has no part. The d^ree of steadiness required for an 
automobile engine not being so great as for a stationary 
ei^ine, a l^hter flywheel can be employed. The foUow- 
ii^ formulfB take into account the steadiness between the 
impulses, so that the designer can make his own choice. 
The permissible variation in speed can best be ex^pressed 
as a coefficient, and the value of this for dynamo drivii^ 
will be 001, but for a vehicle motra* can be &om 0'03 to 
0-05. The fallowing fonnulie give the weight of the rim 
of the flywheel ; — 

322000Av(\yj - 1) 
(31, W = ^^^-^ 

322000Av(<y5 - 1) 

(22) w ^:;^ 2 

where W = the weight of the flywheel rim in poimds, 
D = the mean diameter of the rim in feet, N = the 
number of revolutions per minute, a = the maximum 
number of idle strokes between the impulses, and n => 
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tbe coefficient of speed variation allowed. For a single- 
cylinder motot haviug one impulse stroke in every foiir, 
the value of a may be taken as 4, that is, three idle strokes 
pins cme to allow for the work absorbed in compressing 
the charge. Tbe symbols P, Pi, V, Vi are as on p. 11, 
The valae of n is given abova For safety the speed of 
the flywheel rim shonld not exceed 6000 feet per minnte, 
1900 
" N ' 

diameter of the rim in feet, and N = the mazimom number 
of revolutions per minnt«. 

As an example ve may take the motor considered on 
p. 13 in reference to tbe cylinder formuke. Ab there are 
to be two cylinders, we may take tbe value of a as 2, and 
EiUowing a speed variation of 3 per cent., « will be = 003. 
Hence, substituting known values in formula 31, we 
have — 

^ 322000 X 15-9(0-723)( V^ - 1)2 201-53 _.,. 
^- 1-5" X 900» X 003 ~ 3-04 -^^'^^^ 

In this example the mean diameter of the rim has been 
assumed a^ 1*5 feet, and the value of Y is also taken in 
feet, i.e. 8-68 inches = 0-723 foot. Having the meore 
diameter of the rim and the weight required, the width of 
rim necessary can be easily calculated. 

Although, as stated above, the flywheel has no part in 
regulating the variation in speed between no load and full 
load, it may be taken that a heavy flywheel will materially 
assist the action of the governor. Hie inertia of the heavy 
wheel will tend to prevent sadden changes of angular 
velocity, and so give the governor time to act. 

Balancing. — It is universally accepted that it is 
impossible to balance a reciprocathig weight with one that 
is revolving, hence a siogle-cylinder engine cannot be 
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perfectly balanced. When mora ttian one cylinder is 
employed, the reciprocating masses balance each other to a 
certain extent, as do also the swinging weights of the 
connecting rode. Motors with three or four cylinders can 
be made to run in almost perfect balance, so far as the 
moving parts are concerned. With a singie-cylindered 
engine the writer is of the opinion that the weight of the 
piston can be entirely neglected, and only the crank pin, 
crank webs, and as much of the connecting rod as can be 
regarded as a rotating weight, need be provided for by 
balance weights. To determine bow much of the total 
weight of the connecting rod to allow for, ib should be 



we^hed in the following manner. Support the piston end 
of die rod on a knife edge at a point opposite Uie axis of 
the piston pin, and let the other end of the rod also rest 
on a knife edge which is carried on a scale 01 spiii^ 
balance. The rod should be kept as nearly as possible in 
a horizontal position, and the weight as given by the spring 
balance will be the amount to allow for in the b^ance 
weight, as representing the revolving mass of the rod. 
This method of we^hing the rod is illustrated in Fig. 13. 
A rough-and-ready approximation is to allow half the total 
weight of the rod as the rotating weight. 

Ko general formula has as yet been evolved for 
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airiving at the correct we^ht of the balance weights, but 
the following will be found to give good average results. 
Fot special cases the we^ht as given by the formula may 
be taken as a basis for experiment. 

Let B = Uie weight of all the balance weights. 

M = tlie weight of the crank pin plus the rotating 

weight of the connecting rod. 
J = the weight of the unbalanced portion of both 

crank webs, 
m = the radius of the crank-pin path in inches, 
y = the radios of centre of gravity of the crank 

webs in inches. 
2 = the radius of centre of gravity of the balance 

weights in inches. 

The value of the factors B, M, and J are all to be taken 
in the same units, either ounces or pounds, 

(33) B = ^B±IL 

The force due to the inertia of the reciprocating parts 
acts along their line of motion, and will be at a maximum 
value at the commencement and end of each stroke. At 
about the middle of the stroke the value is zero. Neg- 
lecting the effect of the connectii^ rod, the maximum value 
of this force is found by the usual formula for centrifugal 
force — 

(34) F = 0-00017N«WS 

in which F = the force in pounds, N = the number of revo- 
lutions per minute, W = the weight of the reciprocating 
parts in ponnds, and S = the stroke in feet. To facilitate 
calculations, the values of the expression 0'00017N* for 
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Tarioua speeds have been calculated, and are tabulated 
below — 



s 


O-OMIIN- 


N 


O'leiniN" 








153'42S 


700 


835 


1000 


1700 


760 


95-625 


1050 


187'12S 


800 


1088 


1100 


2057 


850 


122825 


1150 


224-825 


900 


1377 


laoo 


2148 



The forcea doe to the acceleration of the reciprocating 
parts may be graphically represented by means of an 
ordinary diagram of forces, as in Eig, 14. In this digram 
the vertioal lines are divided to represent the force in 
pounds, and the horizontal line the stroke, both to any 
conveni^t scale. For tlie purpose of an example, the 
diagram has been drawn for a motor -with a stroke of 
5 inches, nmning at 600 revolutions per minute, the 
reciiaocating parts being assumed as weighii^ 8 lbs. 
Substituting these values in formula 34, we have — 

F = 0-00017[(600)'8 x 0-417] = 202 lbs. 

Laying off this value upwards at one end of the stroke, 
and downwards at the other, and connecting these points, 
we get the line AB ; the ordinates represent the forces. 
If tike effect of the connecting rod is to be taken into 
account, we should increase the length of the vertical line, 
which represents the force at the commeucement of the 
stroke, by the fraction of its length equal to the length of 
the crank divided by the length of the connecting rod, 
generally about 0'2. The other vertical line, representing 
the force at the end of the stroke, should be shortened by 
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an equal amount. Joining tiiese pointa, ve shall tiave the 

dotted line ah. 

As the m^nitnde of the forces which Teqnire to be 
balanced depend on the weight of the parts in motion, 
these should be made as light as possible, consistent Tith 
the necessary Btrength. 



200 

190 B- 




So Car we have considered only the balandng of the 
moving parts of the motor. There still remains one force 
which cannot be balanced except by introducing an equal 
force acting in the opposite direction. The force refeired 
to is the reaction dne to the sodden combustion of the 
charge in the cylinder. This force can only be nentialized 
by exploding tiie charge between two oppositely moving 
pistons in one cylinder, or simultaneously in two (flinders 



3,q,i,.cd by Google 



BALANCING. 



opposed to and in line 
with each other. The 
Gobron-BrUli^ and Eoch 
motoie are examples of 
the first, and the Leui- 
chester and some Ameri- 
can engines illustrate 
the second method. The 
Gobron-BrilliS and the 
Koch engines both have 
a system of levers for 
transmitting the power 
from the two pistons to 
a common orank shaft, 
and these levers, with 
their connecting links, 
introdnce vibrations of i 
their own. In the usual ^ ' 
type of opposed cylinder -> 
motors the two cylinders 
are slightly out of line, 
in order tlmt a two-throw 
crank shaft may be used 
witboat having to make 
the connecting rods 
eccentric with the cylin- 
ders. From this a certain 
amount of wrenching 
ensues. 

In the motor illus- i 

trated in Eig. 15 an ^ 
attempt has been made \ 
to obtain perfect balance 
of the moving parts, and 
of the reaction due to 
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the explosion.* The vritei bad a considerable share 
in the design of tliis engine, uid also in nmning it for 
testing purposea, and can testify to the total absence 
of vibration. The swinging levers and links which 
are found in the Gobron-BrilliS and Koch motors are 
replaced b; gear wheels, which serve to couple the two 
crank shafts. The two larger (intermediate) gear wheels 
are utilized, one to operate the exhaust valve, and the 
other the electric ignition cam, each of these whsels being 
half the size of those on the crank shafts. The crank 
shafts revolve in opposite directions. In the original 
design of the engine the two crank shafts both revolved in 
the same direction, only one intermediate wheel being 
□sed, as shown in Fig. 16. The balance in this form of 
engine was on the whole good, bnt not perfect, hence two 
intermediate wheels were used to cause the oruiks to tuni 
oppositely. A &ult of the design is the great length of 
the engine, which makes it somewhat onsuitable for 
motor-car work. Possibly by employing two cylinders of 
short stroke a motor could be built on the same lines 
which would be compact enough and yet develop sufficient 
power. 

Carburettors. — Although the petrol motor has been 
in every day use for a fairly long time, there is very little 
data on record dealing with explosive mixtures of peta)l 
vapour and air. For want of more exact data, we most 
base our deductions, to a certain extent, on the behaviour 
of mixtures of coal-gas and air, and within limits the 
analogy will be close enough for all practical purposes. 

Petrol varies in density (at 69° Fahr.) between 0-680 
and 0710 (76° to 68° Bamnfi). The boiling-points at 
these two densities are 149° Fahr. and 194° Fahr. respec- 
tively. The chief constituent of the vapour formed by the 
evaporation of petrol is pentane, having a specific gravity 
> Fatent Na 2B17 of 1899. F. 0. Kddh uid T. H. WbUe. 
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of 0-640, and a chemical compoBition of CgHia, the liquid 
itself being a mixture of hexane and heptane, the propor- 
tionB varying with the specific gravity ; hexane (CgHu) 
having a specific gravity of 0'676, and heptane (C7H1B) of 
0-718. 

The composition by weight of petrol having a specific 
gravity of 0-683 and a boiling-point of 154° Fahr. is — 
bexane, 80 per cent. ; heptane, 18 per cent. ; and pentane, 
2 per cent. The chemical composition is, carbon 83*8 per 
cent, and hydrogen 16*2 per cent., corresponding to the 
formula 41-86C(Hn + 6-48C7Hia + CeHu. It requires 
aboutS'Slbs. of air to consume lib. of petrol, corresponding 
to a mixture of 100,000 volumes of air to 12*4 volumes of 
liquid petrol. The density of the vapour from petrol of 
the above specific gravity and chemical composition is 
about 3-05, and 1 kilogram of petrol vaponr has a volume 
of 0-254 cubic metre. The proportions of petrol vapour 
and air, by volume, to give the greatest explosive effect, 
are therefore — 

0-254 „,_ 

jjg^ = 2-15 per cent. 

For convenience of reference, we may tabulate the 
various properties of petrol thus — 

Bpeolfla gravlt; (hCSO to 0-710. 

BoUiDK-point 149° to 19*° P«hr. 

Chief ooiutltnent Hexnne (O.H,^. 

Volame of oil for perfect otuDbattlin), per kilo. . 11-6 onbio metrsi. 

FropoTtimi of liqnid to air for perfect oomtnutton 12-1 to 100,000. 

Proportion of vftpoor to air, bf volmuea .... 2-15 pet oeat rapoar. 

The following table shows the specific gravities corre- 
^Handing to Baumi degrees at 60° Fahr. : — 
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TABLE 1. 



B>m»« <!<««. 


EpsdOe CHTttr- 


Bumid<er«. 


SlNdflCRnTlt,. 


63 


0728 


72 


0-695 


» 


0724 


73 


0-692 


65 


0-720 


71 


0-6S9 


66 


0717 


75 


0-685 


67 


0713 


76 


0682 


68 


0709 


77 


0-679 


69 


0706 


78 


0-675 


70 


0702 


79 


0-ff72 


71 


0-699 


80 


0-669 



For every eight d^rees aboTe 60° Fahr. one degree 
BaTuii4 should be anbttacted from the hydrometer reading, 
and for every eight d^rees below 60° Fahr. one degree is 
to be added to the BaamS degrees. With a mixture of 
correct proportions the whole of the vapour will be con- 
sumed, and no objectionable odour or fouling of the engine 
will occur. The limits for the proportions of air and 
gas for complete combustion are fairly close, hence a car- 
burettor requires to be carefully made and adjusted to 
ensure a constant supply of correctly proportioned mixture. 
Experience proves that a mixture of one volume of liquid 
petoil to about 8380 volumes of air gives good results. 
With these proportions combustion is rapid and the 
exhaust clean. Very little odour is to be noticed, and no 
fouling of the valves and ports. The proportions of the 
mixture will have to be varied somewhat, according to 
the qnality of the spirit and the state of the atmosphere. 

With more than 10,000 volumes of air to 1 of liquid 
petrol the mixture will not explode properly. Therefore 
it is advisable to keep the ratio of liquid petrol to air 
somewhere between 1 to 8000 and \ to 10,000, which 
ratios correspond to about 1*9 per cent, and 2-4 per cent, 
of vapour in each case. 
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Miztores are ezploaive up to a ratio of liq^oid petrol to 
air of about 1 to 4000, bnt when the ratio is reduced to 
1 to 3400, tlie mixture will not be combuatible. The ratio 
of liquid to air of 1 to 4000 is equiTaleot to about 4 per 
cent of vapour, and 1 to 3400 to about 6'6 per cent. At 
60° Fahr. air will not be saturated with petrol vapour till 
it has absorbed about 15 per cent, by volume. 

At the present time one hears bat little of the surface 
carburettor, except for mot<n: cycles. The defects of this 
type were that the lighter constitueots of the petrol w^ie 
apt to be evaporated first, leaving a residue of greater 
density, and the petrol was splashed about too mudL 
Both of these defects necessitated a constant alteration of 
the air-valve to maintain the mixture somewhere near its 
proper proportions. Surface carburettors are more eco- 
nomical of fuel than the jet type, owing probably to the 
more perfect mixture of the vapour with the air. Also the 
air usually has considerably more freedom allowed for its 
passage through a surface carburettor than one of the jet 
type; hence more power for a given-sized motor can be 
secured. 

Surface carburettors should be so proportioned that the 
air will pass through them at a speed not exceeding 80 feet 
per second. In a jet-type carburettor a good suction effect 
is required, so that the speed of the air may be increased 
to 100 feet per second. 

The suction effect at the jet varies as the A^uare of the 
velocity of the air, so that when the motor increases its 
speed the proportions of the mixture are apt to be altered. 
Many devices are in use to prevent the mixture varying 
in quality, chiefly consisting of extra inlets for admitting 
air, operated by the suction effect of the piston, when the 
speed exceeds a predetermined limit. The writer proposes 
the form of carburettor shown in Fig. 17. The float 
chamber A is of the osual construction, and requires no 
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fnrtlier descriptioB here. Tlie Jet B ia Boiroiinded by the 
inducing tube C, which is in one piece with the throttle 
valve D. Thia throttle valve is connected to the engine 
governor, so that as the speed of the motor falls the piece 
D will be raised. At the same time that the throttle valve 
is opened tiie effective area of the inducing tube will be 




Fw. 17. 

increased, owing to its form, and thus the air wUl not 
greatly increase ito velocity. If carefully proportioned, a 
carborettor on these lines could be constmcted to maintain 
the mixture constant in quality. To compensate for 
vaiiatioQ in the specific gravity of the petrol, or the state 
of the atmosphere, a needle valve is provided at N to 
control die size of the jet aperture. Other things being 
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equal, the efficiency of a carburettor is the measure of the 
fieedom with which the mixtuxe passes to the engine. 
Were it not for the unequal vapoorization of the petrol, 
and the constant variation in the proportions of the mixture, 
surface carburettors would be preferable to the jet type ii 
only on account of the free passage of the air and gas 
through them. One other defect of the surface type is the 
liability of explosion should a flame find its way into it, 
as even at temperatures considerably below 32° Eahr. 
there will be an ex^dosiTo misture formed. 

Owing to the rapid evaporation of the petrol, heat is 
quickly absorbed from the metal forming the walls of the 
vapouriziag chamber ; hence provision most be made for 
supplying the heat necessary for the evaporation of the 
spirit. The usual plan is to provide the vapourizing 
chamber with a jacket, throi^ which the heated water 
&om the cylinder jackets, or a part of the exhaust gases, 
is aUowed to circulate. The use of the water circulation 
is preferable to that of the exhaust gases, as the temperature 
is more likely to be kept even. 

Qovemins. — There ai« two principal methods of 
governing the speed of a petrol motor. Either the force of 
each impulse may be varied, or the number of impulses 
in a given time may be chained. All motors that are 
provided with a governor are controlled by one of these 
two methods, or some modification thereol By the first 
method the force of the explosion is dimiiiished by 
admitting a smaller charge into the cylinder. The ef&- 
dency of an ei^ine governed on this system will not be so 
hi^ as when the governing is efiected by cutting out the 
impulses entirely, when it becomes necessary to reduce the 
speed. In the first method, by redudng the quantity of 
air and gas taken into the cylinder, the compression 
pressure is lowered, and this does not tend to make the 
engine economical, as explained on p. 8. But the turning 
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moment of the crank shaft is more even than when the 
chargea are cut out altogether. The diminution of the 
amount of the charge can be effected in a variety of ways. 
A throttle valve in the pipe leading from the carburettor 
is the most osnal device, but the same end may be accom- 
plished by alteiing the Ufb of the inlet valve, or the time 
it remains open. The Crosaley motor employs an 
auxiliary cnt^iff valve, through wluch the mixture has to 
pass on its way to the inlet valves, and which is acted 
upon \sy the goyemor to cut off the supply of air and gas 
before the Buction stroke is completed, when the speed of 
the engine incieasea to such a point as to render this 
desirable. 

Governing by cutting out the impnlaes may be 
effected in two ways when automatic inlet valves are 
used — either by retaining the products of combustion in 
the cylinder by causing the exhaust valve to remain 
inoperative during one or more cycles, or by allowing the 
ezhanst valve to remain open during one or more suction 
strokes, either way preventing the formatiou of a snfficienl) 
vacuum to open the inlet valve. The first of these methods, 
i.t. keeping the burnt gases in the cylinder, was the system 
adopted in the original Daimler motors, and was economical 
of fuel. By suitably designing the cmras which operate 
mechanically opened inlet valves, the governor may be 
made to render these cams inoperative for aa long as may 
be rec[nired to bring the engine speed down to the normal, 
or the valve rods may be acted upon with similar effect. 

It is possible to vary the speed of the engine by alter- 
ing the timing of the ignition ; but this is not to be recom- 
mended, as it is wasteful of fuel. By governing in thia 
manner, the amount of fuel consumed will remain constant 
at all loads. The only use for this way of altering the 
engine speed is for temporary occasions, when other means 
are not so convenient, or in emergences. 

L.:,L,zi;i:v,.G00yk" 
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For stationary motors, such as those need for djnamo 
driving, Ui6 best system of governing is that in which the 
impulses are cat out entirely, as the utmost fuel economy 
is obtained, and the slight irregularities in speed can be 
compensated for by having a heavy flywheel. This system 
would also find acceptance for marine work. In the case 
of an automobile it ia necessary to have some means of 
regulating the speed of the motor, within fairly wide 
limits, from the driver's seat, and in this connection there is 
nothing better than the throttle valve. The hand-operated 
throttle valve gives the driver the power of adjusting the 
speed of the vehicle without constant recourse to the 
speed gearing, or rather it gives a means of control supple- 
mental to that of the gearing. 

Upon whatever system the governor works, it should 
be so designed that the driver of the car can nullify its 
action at will, when the greatest speed is required from 
the motor. It is good practice to arrange for an anxiliaiy 
throttle valve connected to the brake gear, so that when 
the vehicle is stopped the motor will be automatically 
slowed down, thus avoiding waste of iiiel, and preventing 
undue vibration. 

The actual design of the governor may be left to 
individual judgment. Formulee are of little value in 
connection with such small governors as are required in 
automobile work, and, moreover, there is generally a good 
deal of latitude allowed in the adjustment of the springs. 
The governor weights need only be small, even for high> 
powered engines, as the work imposed upon the governor 
is usually very slight. 

Ignition. — At the present time the ignition of the 
charge by an electric spark may be said to be universal, 
Uie hot-tube method having been quite abandoned for 
automobile engines. The only advantage to be claimed for 
the hot-tube method of ignition is its reliability and 
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simplicity. It is, however, not adjustable in regard to 
timing tiie moment of igniting the charge, and thus 
motors equipped with it can only be run at one speed 
economically. It is obvioas that there is a risk of fire 
should anything cause an upset of the petrol, and this was 
by no means an unknown dang^ in the days when tube 
ignition was univeraal, or practically sa For stationary 
work, such as pumping or dynamo driving, tube ignition 
still has its uses, and is in many cases to be preferred to 
dectric ignition for such porposea. 

There are two systems of electric ignitioD in use, 
either of which is capable of giving satis&ctory results, 
provided it be properly installed and maintained in work- 
ing order. These two systems are known as the low- 
tension and the high-tension. The low-tension system 
requires a make-and-break device inside the combustion 
chamber, operated &om the outside, usually by a cam on 
the valve-gear shaf^. The system has the advantage that 
all the wires are easily insulated, owing to the low voltage 
of the circuit. The necessary fittings, with the exception 
of the sparking device in the combustion chamber, are 
cheap, and require few repairs. 

in the h^h-tension system there are no moving parts 
within the cylinder, but there is greater difficulty in 
insulating the conductors of the secondary circuit, owing 
to the h^h tension, which may be as great as 30,000 volts. 
In the matter of cost of installing, it is believed that 
there is very little to choose between the low and h^h 
tension systems. An efficient low-tension coil may be 
constructed aa follows. Iha core should consist of a 
bundle of soft uron wire of about 20 B.W.G., and should 
be aboat 9 inches long by 1 inch diameter. A thin tube 
of insulating material is placed over the core, and upon it 
is wound double cotton-covered wire of 14 B.W.G. till 
there are three layers. The connections for such a coil 
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are seen in Fig. 18, in which A ia the coil, B the sonrce 
of current, and C the make-and-braak device in the com- 
bustion chamber. With this system it is most important 
that the break between the sparking points in the cylinder 
should be aa rapid as possible, and it is this particular 
which forms the principal claim in the numerous patents 
on the subject. The sparking points require to be in 



contact long enough to ensure thorough energizing of the 
magnet, and with fast-mnning motors this matter becomes 
important. Too short a contact will so reduce the spark 
as to render the ignition of the charge very uncertain, 
and too long a contact will be wasteful of current. The 
same remarks apply to high-tension coils. The current 
should be allowed to flow, in either high or low-tensioa 
coils, for &om 0'03 to 005 second. 
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As the "sparking length" of a coil is considerably 
reduced when the discharge takes place in a dense medium, 
Buch as the compressed charge in the combustion chamber, 
it is advisable to have a coil capable of giving a spark 
quite g inch long in air. As this will require an electro- 
motive force of fully 30,000 volts, and possibly more, the 
necessity for perfect insulation wiU be evident. 

The use of an external spark-gap in series with the 
sparking plug is not always to be advised. The increased 
resistance offered to the passage of the secondary current 
increases the risk of the discharge taking place inside Uie 
coil itself, and once this occurs, the coil wiU be ruined. 
In any case, the external spark-gap strains the. insulation 
of the secondary winding, so to speak, and when it is 
intended to use this accessory the coil should be specially 
insulated. 

Por a coil to give a half to one inch spark in air the 
following notes and dimensions wUl give satisfactory 
results. The core, of a bundle of well-anuealed soft iron 
wire, should be 7 inches long by } inch diameter. The 
wire must be in perfectly straight pieces, and No. 22 
B.W.O. in thickness. The core is insulated with linen 
tape, wound on spirally in three layers, each layer well 
soaked in shellac varnish. The primary coil is wound 
directly on the insulated core, and should consist of two 
layers of No. 18 B.W.G. double cotton-covered wire, the 
length of this coil being about 6 inches, about half a pound 
of wire being required. 

The insulation between the primary and secondary 
windings is of vital importance, and should take the form 
of a vulcanite, or fibre, tube, J inch thick in the walls, 
and be a good close fit over the primary winding. At 
each end of the tube, hard wood, or vulcanite, cheeks are 
to be fitted to form a bobbin, upon which the secondary is 
wound. The quantity of wire to be employed for the 
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secondary winding will depend on the length of spark 
desired. For a J-inch spark, ose half a pound; for a 
|-inch apark, three- q^uarters of a pound ; and for a 1-inch 
spark, one pound. The gauge will be the same In each 
case, i.t. No. 36 B.W.G. double silk-covered. The wire 
must be free &oin kinks, and be tested &om time to time 
to make suie that it is continnons. When fnlly wonnd, 
the whole coil should be soaked in hot paraffin wax, to 
exclude air and damp, and improve the insulation. 



An efficient condenser is reqiiired, and for the three 
sizes of coils mentioned above this may consist of fifty, 
seventy, or ninety pieces of tin foil, each measuring 
7 inches by 4 inches. The condenser is to be connected 
in shunt across the primary contact-breaker terminals as 
in Figs. 19 and 20. The details of coil constmction will 
be found in more than one work dealing only with this 
matter, and need not be particularized here. 
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To a motor-car designer the arrangement of the circuits 
will be of more use than a deacription of coU-making. 
H^)i-t«ii9ioD coils are made in two forms, t.«. with, and 
without, trembler. For a non-trembler coil the connectiona 
are as seen in Fig. 19, and for a coil having a trembler aa 
an integral part of its construction the connections will be 
found in Fig. 20. In each of these figures B is the source 
of current, P is the primary winding, S the secondary 
winding, T the trembler or contact breaker, C the con- 



denser, H a switch for breaking the primary circuit when 
desired, and Z the sparking points to be located within the 
combustion chamber. With a non-trembler coil there is no 
need for an additionfd make-and-break device operated by 
the engine, aa the trembler itself does thia dnty ; but when 
the trembler forms part of the coil, a contact mechanism, 
often miscalled the commutator, is required. In Fig. 20 
this is indicated by W, and usually consists of a simple wipe 
contact. The rotating contact strip requires to be designed 
with a view to the current being allowed to flow for a 
sufficient time for energizing the coil at the highest speed 
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it is intended to ran the ei^ne. Obviously this will 
involTB a certain waste of current at slow speeds, bnt to 
compensate the apparatOB to give equal time of contact at 
all speeds would probably add more complication than the 
saving in cnrrent consumption wo\ild warrant. Also, it 
should be remembered that the motor will generally be 
worked at a speed more nearly approaching the maximum 
than the Tninimntn, The timing of the moment of ignition 
is usually regulated by hand, but it would seem advisable 
to provide automatic means for doii^ this. With a motor 
of varying speed it is a matter of impossibility for any one 
to so adjust the contact device as to ensure the cbai^ 
being i^ted at the proper instant at all speeds. No 
barm can be done to the engine by settii^ the apparatus 
to fire the charge late, but if the spark is produced too 
early, by advancing the lead of the contact piece too much, 
the motor may be- wrecked. There are plenty of cases on 
record where the connecting rod has hem. doubled up and 
the crank shaft bent or broken by giving the ignition too 
much lead. Wherefore some kind of centrifugal governor 
19 desirable whereby the ignition shall always take place 
at the proper point in the cycla In addition to reducing 
the number of levers requiring the attention of the driver, 
auch a device would be a safeguard agEonst premature 
ignition when the motor is started. 

The writer has used an ignition-timing governor of the 
type shown in Fig. 21. The insulating disc carrying the 
contact atrip is fastened upon the boss B, the position of 
which in relation to the gear wheel is controlled by the 
we^hted arms A and A'. As these arms move outwardly 
towards their extreme position, which is shown in dotted 
lines, tlie disc is given m<n« or less angular advance, 
thereby advancing the moment of ignition as the speed of 
the engine increases. As the speed drops, the arms will 
resume their normal position under the influence of the 

Google 



6] PETROL MOTORS AND MOTOR CASS. 

springs, and the moment of ignition will be retarded. 
When tte motor is being started ftoax. rest the ignitioii 
gear will be in its most retarded position, thos avoiding 
all risk of back-firing. The governor is adapted from the 
crank-shaft expansion governor fitted to steam engines. 
The imporUmt point is to adjnst the spring tension correctly. 




To Bupjdy the current necessary for the production 
of the spark, primary or secondary batteries, magneto or 
dynamo electric machines, are used. Magneto machines 
are nsed without a coil if the low-tension system is 
employed with a make-and-tooak inside the cylinder, but 
they may be used in conjunction with an induction coil 
and the usual sparking plug. Dynamos are not much 
used in this country, bat in America there are several 
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makes of cara 'which hare both dynamo and storage 
batteries, which can be osed alternately at the will of the 
driver. With this arrangement the secondary battery is 
always kept fully charged ; an automatic cut-in and cut- 
out is fitted so that the dynamo is only in circuit when 
running at its proper speed, when the battery is cut out 
This system would seem to promise well, but the dynamo 
requires designing ho that its output is fairly constant at 
varying Bpeeds, 

General Design- — The relative advantages of hori- 
zontal and vertica]. engines have been the subject of much 
discussion in the past, and the vertical engine has so far 
been more generally employed, in this country and in 
France and Germany. In America the preference seems 
to be for horizontal motors. Both designs have their good 
and bad points fairly evenly balanced, bnt the writer 
inclines to the horizontal engine. With a vertical engine 
the vibration is more evident. The direction of movement 
of the disturbing forces in a horizontal motor is all in line 
with the axis of the car, in which direction they can best 
be resisted, whereas with a vertical motor the disturbing 
forces have only the springs to resist them. It has been 
advanced that the cylinder of a horizontal motor will wear 
oval in a much shorter time than when vertical, the 
contention being that this wear is caused by the weight of 
the piston. It is very much to be doubted wheHier the 
weight of the piston has any influence on the wear, Tixa 
chief factor is the pressure due to the angular thrust of 
the connecting rod, and this wiE be practically the same 
in both vertical and horizontal cylinders. On the question 
of lubrication of the piston, it would seem reasonable to 
suppose that when this is effected by " splash " only, the 
vertical position will be best, but when the oil is intro- 
duced through the side of the cylinder, the horizontal 
positioQ will secure better distribution. 
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To avoid forming shonldera in the cjlindw bore by the 
wear of the piston, it is usual to allow the piston to more 
a short distance beyond the actoal bored lei^Ui by 
enlaigu^ the diameter of the cylinder at the combnstioD 
chamber, and bell-motithing Uie open end. The change in 
diameter at the combustion chamber sboold not be 
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abruptly made by stepping, but the soiface should be 
tapered &om one diameter to the other. If made by an 
abrupt step, and the piston should be pushed too far up 
the bore, one, or more, of the piston rings will spring out 
into the combustion chamber, and will pierent the piston 
being removed without breaking either it or tiie ring. If 
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the bore is tapered, however, the pUton can be Trithdrawn 
without much difficulty, as the taper will act to close the 
ring back into ita groove. 

With any piece of machinery it looks bad to see the 
nuta overhanging the facings upon which they bear, or to 
see too great a surface of the facing showing ronnd the 
nut. For some time the writer has used the dimenedons 
In Table 6 where studs or bolts have been required 
in a design, and has found a considerable saving in 
time thereby. The dimensions given for the boss into 
which the stud is screwed apply more particularly to 
cases where it is not advisable for the end of the stud 
or screw to come right through, such as a cylinder water- 
jacket. 

In all cases where two parts of an engine are bolted 
together, and where the edges of the parts are not machined, 
sach as the cylinder and crank chamber, the upper piece 
should be slightly smaller than the loww, to give a little 
freedom in pladng the parts while avoiding overhang. 
Tliis applies specially to pipe flanges ; th«» should always 
be &om a sixteenth to an eighth of an inch of the facing 
showing all round the ei^ of the flange, unless the edges 
of both flange and facing are machined flush with each 
other. 

The two following tables of flange dimensions wiU be 
useful in des^ning motors. Fig. 23 being for ordinary 
WTOuglit>iron gas>pipe sizes, the pipe being screwed into the 
flange ; and Fig. 24 for brass or copper tube, brazed into 
the flange. The dimensions ia Fig. 24 might also be 
adopted where weldleas steel tube of thin gauge, say up to 
Ko. 16 B.W.G.,i8in question; for thicker gauge tnbing use 
F^. 23. Who* it is necessary to employ coned unions, 
the dimensions in Fig. 25 and Table 8 can be followed. 
The ordinary coned unions used for connecting up gas- 
piping wiU generally require regrinding, with a very fine 
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grinding medium, to make them petrol-proof; aa purchoaed, 
the; nearly always leak. The small cocks required in 
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the petrol- pipe line will, unless specially made, also 
require regrinding ; the hest plan is to discard the use of 
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plug cocka altogether and use acrew-down needle valvea 
instead. As well as being proof against leakage, needle 
valves are less likely to become choked, being to a certain 
extent self-clearing. For making joints in the petrol pipes, 
red lead, rubber, and such-like are useless, flexible 
vulcanized fibre can be relied on, and when something to 
take the place of red-lead cement is wanted, use soap. 
This, beii^ insoluble in petrol, makes an excellent jointing 
materiaL 

When making standard drawings for motors, it will 
be found convenient to keep cast and wrought work on 
separate sheets as far as possible, grouping the component 
parts with a view to the various shops concerned in carry- 
ing out the designs. The writer has also found it advisable 
to have two sizes of drawings — for general arrangements, 
30 X 22 inches ; and for details, 22 x 15 inches. The 
smaller sheets are more convenient for the workmen to 
handle, while the larger, not being in such constant use, do 
not get in the way. 

Cooling, — Owing to the great heat developed within 
the (^Under of an internal combustion engine (see p, 19), 
it is necessary to employ extraneous means for keeping 
the cylinder cool enough to permit of proper lubrication. 
The cooling system is not intended, as is sometimes 
thought, to abstract the heat from the gases within the 
(^linder, but is provided to cool the cylinder walls only. 
The gases themselves shoold retain as much as possible of 
the heat due to combustion, hence it ia advisable to let the 
cylinder work at as high a temperature as is consistent 
with efficient lubrication. It should also be the aim of 
the designer to arrange the cooling system so that the 
temperature of the cylinder may be kept as uniform as 
possible. 

Air-cooling is limited to engines of small dimensions, 
though many attempts are being, and have been, made to 
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apply it to motora of forty horse-power, especially in 
America. Air-eooled engines are very liable to become 
overheated, when the piston is apt to bind in the cylinder. 
Also the incoming charge of air and gas is likely to be 




considerably attenuated by the expanEdon due to the 
mixture being heated as it flovs into the combustion 
chamber. By the judicious use of &qs, giving a rapid 
circulation of air around the combustion chamber, the 
eflectiveneBS of air-cooling may be somewhat increased, 
but the f^ct that a fan takes a certain amount of power to 
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drive it, especially at hig^ speed, should not be lost sight 
of. Indeed, quite a large percentage of the extra efficiency 
dne to the nse of the ffui may be discoonted by the power 
required to drive it. 

A properly designed water-cooling system will allow 
the engine to be worked at its marimnm ontpat, both for 
speed and power, for long miia, which is not possible with 
air-cooling. The honeycomb radiator, which for some 
time was practically universally adopted, is rapidly going 
out of fashion. The chief recommendation for its use was 
that the evaporation of the water was reduced to a minimum, 
and it made it possible to run a car for a week without 
replenishing the water-supply. The &ct that it is possible 
to keep the water too cool was apparently lost sight of. 
By inaint4ti"'"g the temperature of the water at a point 
below that at which vapour is formed, the flinders are 
undnly cooled, and a luge proportion of tiie heat graierated 
by the combustion of the charge goes to r^eat the cylinder 
vralls. In addition to this loss, there is the power required 
to drive the fan, which is necessary to cause the air to pass 
through the radiator, and the increased resistance offered 
to the circulation of the water through the restricted 
passages within the radiator. The GiUet-Forest system is 
unique, as the jacket water is allowed to boil and Uie 
radiator la utilized to condense the steam formed. The 
cylinder jacket is kept filled by a float valve, which allows 
water to enter to make up for that turned into steam. 
The engine is, with this system, worked at as high 
a temperature as possible, and the efficiency is very 
h^ 

Plain gilled copper tube of |-inch or |-inch bore makes 
a simple and reliable radiator, but the gills should be of 
copper, and soldered to the tube. To secure a muTimnm 
cooling effect, the whole radiator should be finished dead 
black. The length of tube recommended is, for ^inch 
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tube, 9 feet per indicated horse-power, and for |-mch tube, 
6 feet per I.H.P. The diamet^ of the gills should not be 
less than twice that of t^e tnbe, and are beat spaced about 
half tlie tube diameter apart. It is advisable to employ a 
pump to circulate the water through the cylinder jacket 
and radiator, as natural circulation cannot always be relied 
npon. The height of the oolomn of water usually possible 
in an automobile is too little to cause a flow. The pomp 
used should be of a type which will permit free flow 
of the water through it in the event of its ceasing to 
act. 

It is important to so design the circalftting system 
that no air-looks are formed, as this would interfere with 
tie flow ; and in any case it will be advisable to provide 
an air- cock at the highest point of the system, which can 
be opened when the engine is started till water shows, and 
thus prove that the pump is working. A drain-cock at 
the lowest point of the water system is a necessity, to 
enable the water to be run out in &osty weather, or when 
repairs are required, Keglect to empty the cylinder 
jacket and pipes has often resulted in a craoked jacket 
when the water contained has frozen. By dissolving 
chloride of Ume in the cooling water, the temperature at 
which it will freeze is much below 32° Fahr., but the lime ' 
is apt to be deposited in the pipes when the water is 
heated, and on the whole its use is not to be recommended ; 
the drain-cock is preferable. Heavy mineral oil has been 
tried as a substitute for water, but without much success. 
The difficulty appears to be in cooling the oil when it has 
been heated by the motor, as it does not part with its heat 
BO readily as water, near does it abstract the heat from the 
cylinder walls so quickly. The amount of water that 
should be carried on a car ought not to be less than half a 
gallon per indicated horse-power, and more if posmble. 
Sy having a good body of water, the temperature is kept 



74 PETROL MOTORS AND MOTOR CARS. 

nua« even. The temperature of the water as it leaves the 
cylinder jacket ought to be about 170° Fahr. If more, it 
indicates that too much heat is being abstracted from the 
engine, and the increased evaporation will cause the water 
to be used up too soon. 

Tlie great diversity of opinion among designers as to 
the dimensions of cylinders, valves, piston speed, etc, is 
forcibly illustrated by the annexed table of data, which 
formed part of a paper on valve gears read by Mr. Robqrt 
E. Phillips at the Automobile Club in 1904, and which is 
reproduced by its author's permission. From inspection -of 
the table, it would appear that the rated powers of the 
motors cannot in all cases be true, and the need for some 
uniformity in design is apparent. In some examples the 
piston speeds are remarkably high, and the result would 
hardly tend towards economy in fael consumption and 
upkeep. 

In this table the diameters of the valves given are the 
diameters at the inner edge of the seating, and the mean 
and n>ftTininm velocities of both the charge and of the 
exhaust through the pipes are only given in those oases 
where Uie area of the pipe is less than that of the passf^ 
by the valve at its maximum lifb. 

It will be seen that the mean chai^ velocity throt^h 
the most restricted area ranges &om 58 feet to 448 feet 
per second. Hie mean exhaust velocity throng the most 
restricted area varies from 52 feet to 346 feet per second. 

Thirty-six of the ei^ines are fitted with atmospheric 
induction valves, and fifty-seven with mechanically 
operated ones. 

It will be seen to what extent some engines are 
throttled by reason of the small pipes employed. One of 
the worst offenders in this respect has a mean velocity 
of the charge through the inlet port of 141 feet per second, 
and through the induction pipe 376 feet per second. 
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TRANSMISSION GEAEING. 

As the petrol motor ia not self-Btartiiig, it is necessary to 
provide means tor disconnecting the motor &om the 
transmission gearing when Uie car is stopped temponmly, 
to avoid the restarting of the motor which would other- 
wise be leq^nired. In the case of gearnliiven vehides this 
is usaally accomplished by means of a friction clutch. 
Those cars which have epicyclic gearing can be put out of 
gear by slackening the brake bond on tiie slow-speed gear, 
bnt a Miction clutch will generally be found to form part 
of the hi^i-speed mechanism. Hence the design of 
Motion clutches is an important part of the motor- 
draughtsman's work. Examination of a large number of 
cars has resulted in disclosing a great want of unifonoity 
in the dimensions of Uieir clutches, and this can only be 
explained by aMnming that some ate too small and some 
too large f<n' the work imposed upon them. If too small, 
great pressure must be used to make Uie clutch transmit 
the powOT without slipping ; if too large, it only means that 
an unneoessary amount of material has been employed ; 
but if anything the clutch is all the better for i1^ as less 
piessuie will be required and the wearing qualities will 
be im{«0Ted. Therefore it will always be advisable to 
have the clutch plenty large enough ita its work rather 
than the reverse. 

With but few exceptions automobiles are equipped 
with ordinary conical olutohes, kept in engagement by a 
spring or springs, and arranged to be put out of gear 
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aatomaticaUy vben the brakw are applied. In a few 
instancea clutclies of the expaDdiog-rmg form are in use, 
and moie recently ctnl elatches have been adopted. Ibe 
expanding-ring type voold seem to offbr the most advan- 
tages, as there is a minimum of end thrust to be provided 
for, and they are capable (^ being easily adjusted itx wear. 
Probably the cheapest and moat simple device for enabling 
the engine to be disconnected &om the ear is a belt in 
combinatiou with fast and loose polleys. Apart from 
considerations of simplicity and economy, this arrange- 
ment has the advanti^e of givii^ easy starting, is cheap 
and easy to repair, and, by providing a flexible transmission 
between the motor and tjie gearing, all risk of the bearings 
being pat oat of alignment is avoided. The ei^ine and 
gear shafts can also be placed parallel to each otiier and 
to the drivii^-wheel axle, by which means Uie utmost 
efficiency will be obtained. 

Belt driving alone, that is withoat any gearing except 
the driving chain or chains to the road wheels, has quite 
gone ont of fashion. In view of the fact tliat there is a 
great demand for a reliable cheap car, it is to be questioned 
whether belt driving will not bo revived in the neax future. 
Probably if as much thought and attention had been 
detvoted to the des^ of belt transmission gear as has been 
given to perfecting gear driving, belts would be more in 
evidence at the present time. 

Truly variable speed gears have ei^aged the attention 
of many, but so &r nothing really practical has resulted. 
The minority of designs included Mction driving as part of 
the arraogement, and this alone is sufficient to reader 
them impracticable. The only gear of the gradually variable 
type which has shown any promise of success is Hall's 
patent hydraulic gear, but the expense of manufacture 
militated against its adoption, for some time. The design 
has recently assumed a commercial aspect. 
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FRICTION CLUTCHES. 

In making calculatiooa for fiiction clutches of any type, 
it will be neceasuy to resolve the actual horse-power 
into torsional resistance at the rim of the clutch. If P be 
the brake horse-power to be tranaioitted, B the revolutions 
per minute, and M the twisting moment in foot-pounds, 
then we shall have — 

K3000 

which, after reducing, may be expressed with suffident 
accmracy for all ordinary purposes by — ■ 

(36) M.5f? 

Now, if we make F = the mean radius of the clutch in 
feet, and let S = the torsional resistance, we have — 

(37) S.^ 

To facilitate calculations, it will be preferable to ezpiesa 
the mean radios of the clutch in inches, doing which, and 
substituting the value of M from equation 36, gives us — 

rtfi^ Q 63000P 

(38) S = -jig- 
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No matter vbat design of clutch ia being considered, the 
expressioQ 38 remains nnaltered. 

The angle of the cone will depend solely upon the 
coefficient of friction of the materials selected and the con- 
dition of the Motion surfaces. Usually the cones are of 
cast iron and leather, and with these materials, when both 
surfaces are dry, the coefficient of iriction may be as high 
as 0*3 ; but to allow for the grease which generally finds its 
way on to the cones of a motor-car clutch, it will be safer, 
when making calculations, not to take the value of the 




Fig. 26. 



coefficient as h^her than 0*2 to 025. Now, the coefficient 
of friction is the tangent of the angle of repose f<;^ the 
material of the clutch, and therefore for cast iron and 
leather t^e angle will be between 14° and 17°. In actual 
practice it is generally made 15°, and this angle will be 
convenient for the designer to work to, and for the 
machinist in manufacturing. If both surfaces of the clutch 
cones are of cast iron, the ai^le should be made 10°. 

The diagram. Fig. 26, wiU serve to render the principle 
of the cone clutch perfectly clear. In the diagram ae ia 
the axis of the clutch shaft, and ado « is tihe angle of 
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FRICTION CLUTCHES. 8i 

the cone. From any point, as c, erect a perpeDdicular to 
e&. Iheii, if ae represents tiie axial pressure forcing the 
cones together, ah is the resulting pressure acting in a 
direction perpendicular to the surface of the cone. Calling 
the axial pressure x, and the resulting pressure z, we have 

— = - = r^r-fl. If / is tJie coefficient of friction, it is 

evident that, to transmit the required power, zf must at 

least be equal to S. As z is equal to -: — 7,, 
^ ^ sin (*' 



s = ./= 



sin 9 



and substituting tlie vslne of 8 &om equation 36, we 
^ »/ 63000P 



-YSr- ^'"'^ 



(39) 
and — 



/FK 



w '■ = 63^ir(> 

k& an example, suppose we wish to ascertain what 
horse-power a conic^ clutch, with sorfacea of cast iron and 
leather, will transmit when running at 800 revolutions 
per minute. We wUl assume the ai^le of the cone to be 
16°, and the coeEScient of friction to be 0'25. 

As is equal to 1S°, sin is 0-2588. The mean radius 
of the cone (F) is 7 inches. We will suppose tiie axial 
pressure (s) forcing the cones together to be 150 lbs., and 
substituting known values in equation 40, we get — 

150 X 0-25 X 7 X 800 
^ " 63000 X 0-2588 = ^^ "^^^ 

The width of the suriaoe of the cones is arrived at from 
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coQsideratiim of tlie amount of vear likely to occur, and 
the allov&ble preaaure per square inch of surface should 
not be greater than 50 lbs., whence we hare for the width 
of the cone surface W — 

In the case of clutches of the ezpanding-ring type, all 




the calculations are essentially aa above, but t^e arrange- 
ment of the levers requires consideration. Usually the 
ring is expanded by Bcrews. In the majority of cases the 
screws are right- and left-handed, as shown diagrammatic- 
ally in Fig. 27. The clutch seen in Fig. 28 (Benz-Parsi&l 
clutch) ia an example of the employment of single screws. 
The mechanical advantage or gain in power from the 
employment of the levera and screws can be found from — 
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(42) 



FRICTION CLUTCHES. 



in which A = the gain in power, s = the pitch of the screw 
in inches, and I = the length of the lever in inches. 
This formnla is applicable to clutches in which the screws 
ate single as to the pitch, as ^ig. 28. For those in which 



tiie screws are of eqnal bat opposite pitch (Fig, 27) the 
expression should be halved, and so becomes — 

(43) A = ^ 

From what has been said previonsly, it will be seen 

lir 

at z = x—, 

shall have — ■ 

63000P 



(44) . - j.jj^ 
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or — ■ 

(45) p = .^^x^ 

^^' 63000 ^ t 

The last two formulEe are for clatchee having right- and 
left-handed screws ; for those in which onljr one screw or 



two screws of the same pitch (Fig. 
these fcoTOTilse become — 



(46) 
and — 
(47) 



~ 63000 . 
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FRICTION CLUTCHES. %% 

It Till be found that clutches designed from the 
foregoii^ GODsideTatioDB will be somewhat larger for a 
given power than is usually the case in an automobile, 
but the writer is couTinced that the results obtained by 
more liberal clutch dimensions fully justify the increase 
in size. Automobile clutches are subjected to a lot of 
wear fiom the firequency with which they are put in and 



Fio. 80. 

out of eng^ment, and Uiis fact has received dne 
consideratioD in the fonnnlee. 

In order that the dutch shall take up its load gently 
and start the car without shock, it is the practice to place 
springs under the leather of the one cone, in places, to 
make the engagement gradual, and thus, by allowing % 
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certAm amoimt of initial slip, render the startiiig easier. 
One amingement of these springs is seen in the clutch 
shown in ^. 29. Openings are made through the metallic 
portion of the cone through which best sheet-steel pieces 
project These tend to force the leather cover of the cone 



outwards by the pressure exerted by the small helical 
springs shown on either side of the opening. 

The majority of clutches fure designed so that the 
lesultant of the axial pressure due to the spring is con- 
tained within the clutch itself, and has no eEfect upon the 
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bearings of either the crank shaft or clutch shaft when the 
clutch is in gear. This will be seen by reference to 
Fig. 29, Eenault clutch ; Fig. 30, Galdiator clutch ; and 
Fig. 31, Geoi^-Eichard clutch. In the Benz-ParsiM 
clutch (Fig. 28) the pressure of the spring reacts on the 
clutch shaft, but as the spring need not be anything like 
so stroi^ as in the above three designs, this is not of much 
consequence. In the Crossley clutch (F^. 32) the sprii^ 
exercises no direct end thrust on the shafts, but there is a 
slight tendency for the actuating cone to be pressed back, 
which is resisted by the operating lever. With clutches 
of the designs shown in Figs. 29, 30, and 31, it is good 
practice to interpose a ball bearing to take the end thrust 
when the clutch is out of gear. Formulie for and the 
method of settii^ out such a bearing will be found on 
pp. 120-123. 

Clutches of the expanding-ring type, with the friction 
surfaces all of metal, have been used to a small extent. 
In this des^n it ia usual to make the two members of the 
clutch of oast iron and gun-metal respectively, and to 
lubricate them. 
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GEARma 

Tee speed of an intemal combostion motor urn; be 
varied between certain limits, and thereby the rate of 
pn^ress of the vehicle is also affected ; but as the power 
of the motor is directly proportional to the speed, it foUows 
that when the mazimmn power of the ei^ine is reqtured 
it must ran at its highest velocity. Uoder these conditions 
the car would also travel fiist, but should the load on the 
ei^ine, due to the weight of the car or the condition and 
gradient of tiie road, be greater than the power of the 
ei^e can deal with, it becomes necessary to adopt some 
form of changeable gearing whereby the rate of the vehicle 
can he altered without reference to the speed of the motra:. 
In other words, the ratio of the revolutions of the engine 
to the revolutions of Uie driving wheels must be capable 
of alteration at will. 

Many devices have been tried as change-speed gearing, 
but the surviving arrangement is that known aa the 
" Panhard " design, in which a series of spur-gear wheels 
are made to slide into gear with another series, one at a 
time. Although this is most unmechanical from a theo- 
retical point of view, its success in practice justifies its 
eiiatence, and its simplicity explains its xmiveisal use. 
The Panhard gear has been called, and not inaptly, " dash 
gear." When correctly designed and constructed, and of 
the right material, the gear gives excellent results, bat the 
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writer 18 of opinion thst it would be adTaDtageoos if tiie 
gearing were made somewhat etronger than it osually is. 

Gear wheels may be regarded aa a development of 
friction gearing. In all gear vheela, whether spur, berel, 
worm, or helical, there are imaginary circles, lerolving in 
contact, known as the pitch circles, and which are 
analogons to firiction wheels so far as speed ratios are 
concerned. The teeth and spaces are formed above and 
below these pitch circles. The distance along the pitch 
circle &om the centre of one to the centre of the next tooth 
is called the circnlar pitch of the gear. This is alao 
expressed as the distance occnpied on the pitch circle by 




one tooth and one apace. Gears with teeth of circular 
pitch, except in a very few caaes, have inconvenient 
fractions in their pitch diameters, and this is apt to com- 
plicate the design, and add to the cost in manufocture. 
By the use of the " diametral " pitch system, the pitch 
diameters of the wheels can always be arranged of con- 
venient dimensions. Circnlar pitch is really a measure, 
whereas diametral pitch is a ratio, and may be expressed 
as N -i- P, where N is the number of teeth, and P the pitch 
diameter in inches. The nomenclature of the parts of 
teeth for any pitch is shown in Fig. 33, and the table, 
No. 9, gives Uie aotnal proportions for a number of 
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TABLE 9. 










TjlMl 


or TooTB DiHBiraioMa. 








(Diametral pitch.) 






1* 


CInolii 


oftoolbon 
Dlich-lliw 


Addwdnm 






Wlwle lepth 
oTIoolhla 


F 


F 


' 




D" 


M+/ 


D- + / 


~^ 


15708 


07854 


0-5000 


1-0000 


0-5785 


1-0783 


^ 


1-2SG6 




0-4000 


0-8000 


0-4628 


0-8628 


3 


10472 


0-5236 


0-3333 


0-666G 


0-3587 


0-7190 


»1 


0'897S 


0-4488 


0-2857 


0-5714 


0-3306 


0-6163 


4 


07854 


0-3927 


0-2500 


0-5000 


0-2893 


0-5393 





0'6283 


0-8142 


0-2000 


0-4000 


0-2314 


0-4314 


6 


05236 


0-2613 


0-1666 


0-3333 


0-1928 


0-3595 


7 


0-4488 


0-2244 


01429 


0-2857 


0-1653 


0-3081 


8 


0-3927 


0-1963 


01250 


0-2500 


0-1446 


0-2696 


9 


0-8491 


01745 


01111 


0-2222 


0-1286 


0-2397 


10 


0-3142 


01571 


01000 


0-2000 


0-1157 


0-2157 


12 


0-2618 


01309 


0-0833 


0-1666 


0-09G4 


01798 


14 


0-22*4 


0-1122 


0-0714 


0-1429 


00826 


0-1541 


16 


0-1963 


0-0982 


0-0625 


01250 


0-0723 


0-1348 


IS 


01745 


0-0873 


0-0555 


0-llU 


0*643 


0-1198 


20 


01571 


00785 


00500 


0-1000 


0-0579 


01079 



dilfereDt pitches. The comparative eizea of teeth of the 
most usaal diametral pitches may be seeo at a glance from 
Fig. 34. The followii^ formnlfe will be found osefol in 
connection witii calculations of gear-wheel dimensions and 
velocity ratios, 

Formula for gears of diametral pitch — 

Let F = diametral pitch. 
D' = pitch diameter. 
D = whole diameter of the wheel blank. 
N = numb^ of teeth in the gear. 
V = velocity in revolations per minute. 
d' = pitch diameter. 

d = whole diameter of the pinion blank. 

n = Dumber of teeth in the pinion. 
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Z^et V <B velocit7 in reTolutions per mmnta. 
a a centre difltanoe. 
b = Dtunber of teeth in both wheels. 
( = width of tooth, or space, or pitch-line. 
X>" = working dept^ of tooth. 
/ = amonnt added to working depth for clearance. 
D" +/ = whole depth of tooth 
F = circolar pitch, 
r = a constant * 0'3146 

Then, for a single wheel — 



B N + 2 




N 


^ = -Tr- 


or, P = 


D" 




cir.I>' = 




N = PD' 


or, ir = 


:PD-2 


D-'' + 2 


or, D = 


■^+1 


, 1-57 


T,' 2 


. ( 


' = T 


D -p 


/-IB 


p=l 


and I 


1 '•' 


'or B pair of wheels — 






b = 2aV n 


hi 


.. nv 




»+ V 


V 


NV „ 


to 


^^FDT 


n = If 






V 


v + V 


V 


_, KB 


_NV 


PDTT 


V = tf V 




V = 


N 


» 


n 


j,_2a(N + 2) ^ 
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- S ° 2P 
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In Eranoe " module " pitch is almost muTersally used, 
and is gradually coming into nae in this country. This is 
a modification of diametral pitch, and has titte adrantage 
of only requiring measurements in millimetres and such 
fractions thereof as 0*25, 0'5, and 076. Diametral pitches 
call for imosnal divisions of the inch, such as sevenths, 
ninths, elevenths, etc., vrhich are apt to be confusing to 
both the designer and the workman. The module corre- 
sponds to the height of the tooth above the pitch-line, and 
is the [atch diameter in millimetres divided by the number 
of tee^L Conversely the pitch diameter is eqoal to the 
module multiplied by the number of teeth. The following 
fcomulae will enable the designer to calculate all necessaiy 
dimensions of gears of module pitch, and the table, No, 10, 
will facilitate the work. Fig. 35 shows at a glance the 
comparative sizes of module-pitch teeth &om Mod. 1 to 
Mod. 12. 

Formula for gears of module pitch — 
Let M a module in millimetres. 

D' = pitdi diameter in millimetres. 
D = whole diameter in millimetres. 
N = number of teeth. 
B" SB working depth of teeth. 
i B thickness of teeth on pitch-line. 
/ = amount added to working depth for dearance. 
C = circular pitch in millimeties. 
Then- 
ar ^' »* "^ 
M = ^ or,M = g^P2 

D' = NM D = (N -I- 2)M 

„ D' XT I' o 

^=N or,N = j^-2 

D" = 2M ( = Ml-5708 f =^^ 
C « M X 3-1416 M .= C -^ 31416 
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TABLE 10. 

UODULi PrroB.' 
(Tooth diBoniioiki in miUimotrfii.) 



■MbI*. 


'S:^ 


■nUUmitiH. 


'IHl"' 


•r- 


1 


814 


1-0 


216 


25-400 


U 


s-as 


12S 


27 


20-320 


u 


4-71 


1-5 


3-23 


lG-933 


If 


5'5 


175 


377 


14-514 


2 


6-26 


2-0 


481 


12700 




7-07 


2-25 


4-85 


11-288 




7-86 


2-5 


5-4 


10-160 




863 


275 


5-93 


9-236 


3 


S42 


3-0 


6-47 


8466 


31 


10« 


8-26 


7-0 


7-81 


^ 


no 


8-5 


7-56 


7-257 


3 


11-77 


875 


8-090 


6773 


4 


1257 


4-0 


8-63 


6-350 


4J 


13S5 


4-25 


917 


S-708 


4 


1414 


4-5 


9-71 


5-644 


1403 


475 


10-24 


5-347 


s 


1571 


SO 


1078 


6-080 


SI 


16'49 


5-25 


U-83 


4-888 


s| 


17-28 


6-5 


U-86 


4-618 


? 


18-86 


6-0 


12-94 


4-238 


^ 


20-41 


6-6 


14-02 


3-907 


? 


220 


70 


151 


3-628 


8 


23-14 


80 


17-26 


817S 


S 


28-27 


90 


19-41 


2-822 


10 


B141 


100 


21-57 


2-540 


11 


84-56 


11-0 


2372 


3-809 


12 


37-7 


12-0 


15-88 


2-117 



To design a change-speed gear for a car the data 
required are (a) normal speed of the motor, (6) number 
of speeds required, (c) value of these speeds in miles per 
hour, and ((2) diameter of the dri-ving -wheds. B7- the 
aid of table No. 11, p. 95, the revolutioiis per minate of 
the driving wheels for any given number of miles per hour 
can be readily obtained by multiplying the number in the 
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fonrtli coItudu, opposite the given diameter of wheel, by 
the numher of miles pet hour desired. Thus a wheel of 
32 inches diameter, tunning at a speed of 12 miles per 
hour, will revolve at lO'S x 12 = 126 revolutions per 



TABLE 11. 
DBiYina-wEnL Diuivmts a 



MuiMMTlDladlM. 




■.*^^^.. 


"^""Si""^'^ 


24 


7539 


863-2 


14-38 


25 


78-54 


806-7 


13-49 


26 


81-68 


775-7 


12-92 


27 


84-82 


747-0 


12-45 


28 


87-96 


720-3 


12-00 


29 


9110 


695-5 


11-58 


30 


94-24 


672-3 


11-20 


31 


97-39 


650-5 


1092 


32 


100-53 




10-5 


33 


103-67 


6111 


10-18 


SI 


106-81 


S88-5 


9-8 


3S 


109-95 


576-2 


9-6 


S6 


11309 


560-2 


9-33 


37 


116-23 


5*5-5 


9-09 


38 


119-38 


530-7 


8-34 


39 


122-52 


5171 


8-61 


« 


125-66 


504-2 


8-4 


41 


128-8 


492-0 


8-2 


42 


131-94 


480-0 


8-0 


43 


135-08 


475-5 


7-92 


44 


138-23 


45I-I 


7-51 


45 


111-37 


448-i 


7-46 


16 


14451 


438-4 


7-3 


*7 


14765 


422-3 


7-03 


48 


150-79 


420-0 





minute. It will be necessary to assame the ratio of the 
bevel or sprocket wheels by which the power is transmitted 
&om the change-speed gear to the road wheels, and thia 
should be such that when the car is running on the highest 
gear the drive -will be direct from engine to road wheels 
-with only the speed reduction due to the bevel or chain 
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gear. Taking the above example, and aesnnung the 
wheels to be driven by chain gear with sprocketa having a 
ratio of 4 to 1, we obtain a speed of 126 x 4 = 504 (say 
500) revolnUona per minute for the diiviog sprockets. 
Usually die centre distance of the driving and driven 
shafts in the gear box is limited, and the problem is to 
find the pitch diameters for a pair of gear wheels to run at 
a given speed ratio, with the centre distance fixed. The 
rule is, " divide the centre distance by the snm of the 
t«rms of the ratio, find the product of twice the ([aotient 
by each of the terms separately, and the two products thus 
obtained will be the pitch dJEuneters of the two gears." 

Again taking the above example, and assuming the 
normal speed of the motor to be 1000 revolutions per 
minnte, and the centre distance of the shafts to be fixed at 
6 inches, we require to know the pitch diameters of a pair 
of gears to revolve at 1000 and 600 revelations per minute 
respectively. Addlc^ the tenns of the ratio, 10 + 5 a 15, 
and dividing the centre distance, 6 inches, by the sum, we 
obtain 0'4, and 0'4 x 2 = 0'8, which, multiplied t^ each 
of the terms of the ratio, gives 8 inches and 4 inches as 
the required diameters. 

The pitch of the teeth and the width of the gear are 
determined by (o) the power to bo transmitted, (&) the 
velocity of the pitch-line in feet per minute, and (c) the 
material used for the gear. Rules and fonnuIsB for 
the strength of gear wheels ate ntimerous, and the results 
obtained by them vary very considerably; so much so 
that when a gear wheel fails &om any cause, it is not 
difficult! to find a rule to justify one for having used the 
wheel The fOTmulsa used and recommended by the writer 
take into account the safe fibre stress, with the tooth 
considered as a beam loaded at one end and supported at 
the other. The working load for teeth of 1 inch width 
and a fibre stress of 1000 lbs. per square inch have been 
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calculated for diametral pitcbeB firom 3 to 12, aud will be 
found in the table below. To obtain the safe working 
load OQ a gear wheel the formula is — 

(48) L = tx/X8Xm 

where L => the safe load in pounds, t = the tabular nnmbec 



Ho-Dt 










DUmUnl idtcli. 


tM(b 












In 






























" 


H 


Bl 


,»» 


* 


* 


* 


' 


* 


* 


10 


" 


11 


12 


70 


65 


60 


56 


52 


42 


35 


30 


26 


23 


21 


19 


17 


13 


73 


68 


63 


59 


55 


44 


37 


31 


27 


21 


22 


20 


18 


u 


75 




65 


60 


56 


45 


38 


32 


28 


25 


22 


20 


19 


19 


79 


73 


67 


63 




17 


89 




28 


26 


23 


21 


19 


16 


81 


74 


69 


64 


60 


18 


10 


34 


80 


27 


24 


22 


20 


17 


H 


77 


72 


67 


63 


50 


12 


36 


81 


28 


29 


23 


21 


18 


87 


SO 


75 


70 


65 


52 


13 


37 


38 


29 


26 


21 


21 


19 


91 


84 


78 


73 


68 


51 


45 


39 


34 


30 


27 


25 


22 


20 


91 


S7 


SI 


75 


71 


57 


47 


40 


85 


31 


28 


25 


23 


21 


SB 


89 


83 


77 


72 


58 


48 


41 


86 


82 


28 


26 


21 


23 


98 


91 


84 


79 


74 


59 


49 


42 


87 


S3 


29 


26 


21 


25 


102 


94 


87 


61 


76 


61 


51 


48 


38 


31 


SO 


27 


25 


27 


104 


97 


00 


84 


78 


6S 


52 


45 


89 


35 


81 


27 


26 


80 


loe 


99 


01 


85 


80 


61 


53 


46 


40 


36 


32 


29 


26 


M 


109 


101 


94 




82 


66 


64 


47 


41 


36 




29 


27 




112 


103 


96 


90 


81 


67 


56 


48 


42 


87 




30 




43 


115 


105 


99 


92 


86 


69 


97 


49 


43 


38 


34 


81 


28 


50 


117 


108 


100 


94 




70 


58 


90 


41 


39 


35 


32 


29 


60 


lie 


110 


102 


95 


89 


71 


69 


51 


U 


10 


39 


32 


29 


75 


121 


112 


104 


97 


91 


73 


61 




4S 


10 


36 


33 


80 


100 


124 


114 


106 


99 


93 


71 


62 


53 


16 


41 


37 


33 


81 


150 


128 


116 


108 


100 


91 


76 


63 


54 


47 


42 


37 


34 


31 


300 


128 


lie 


110 


102 


96 


77 


64 


55 


48 


13 


38 


89 


82 


BMk 


130 


120 


112 


104 


97 


78 


66 


66 


49 


44 


39 


36 


33 



corresponding to the pitch and nnmber of teeth in the 
gear, / = the width of face in inohea, s = the speed 
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coefficient from tlie dif^ram Fig. 35a, and m = 
fibra stress obtained from the table belov. 





TABLE 18. 
Fnu Sniwu. 




UriwUli. 


DUImX)L 


SA 




22/KW 
84,000 
50,000 
60,000 
60,000 


8,000 
11,000 

Sffi 


Oun-meUl 













For example, sappose ve hare s mild-steel gear of 30 
teeth, 6 diametral pitcli, 2 inches wide on the &ice, and 
ronning at a pitch-line velocity of 600 feet per minute. 
SubstitntiDg in 48, we have — 

L = 53 X 2 X 0-4 X 25 = 10601bs. 

The ralne of m, although given as 25,000 in the table, 
for mild steel, is only taken as 25 in malring oalcnlations, 
as the tabular number is already calculated for 1000 lbs., 
and therefore only reijuires to be multiplied by 26 to equal 
the safe fibre stress. 

To ascertain the horse-power the gear will transmit 
the formula is — 

(^») =■'■■ = few 

where L k the safe load as found by 48, and r = the pitch- 
line Telocity in feet per minute. Taking the wheel in the 
above example, and substituting known values in 49, we 
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The above rules will apply equally well for bevel gears, 
provided that the mean pitch, ?nean-pitch diameter, and 
the velocity of the wwan-pitch line are taken. For gears 
of module or circular pitch the equivalent diametral pitch 
should first be obtained from table No. 10, p. 94. 

Fitch-line velocities of more than 2000 feet per minute 
should be avoided aa tending to cause considerable noise, 
however well the teeth may be cut. At this speed the 



S93S|§g3S| 
Ptieh Line Bpeadi in Feet pw Minute. 
Fie. 35^ 

gears require very accnrate work, and also care in assem- 
bling to make them run with anything like silence. Aa a 
general rule, the higher the speed the finer the pitch 
should be, and fine pitches always run smoother than 
coarse. 

Gears made from special materials such as rawhide, 
vulcanized fibre, and TTnica fibre, should have a liberal 
factor of safety, and the writer can recommend either of , 
the two following formulBe : — 
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where p = circular pitcli in inches, d b jatch diameter in 
inches, / = vidtb of face in inches, and r = rerolationa 
per minute. 

(51) H.P. ^xxpxdxrx/, 

where z = O'OISI, p *■ circular pitch in inches, d » pitch 
diameter in feet, and Uie other factors are as above. No 
reliable figures are available for the strength of rawhide 
and fibre as applied to gear-wheel construction, but it may 
be safely token as fully equal to that of cast iron, and 
with a higher elastic limit In weight, rawhide, vulcanized 
and Unica fibre, may all be reckoned about the same, i.e. 
20 cubic inches per pound, or 005 lb. per cubic inch. 
Bawhide gears should always have a metal plate on each 
side to prevent the layers of hide from spreading, such 
plates being secured by riveting right through the hide 
and both plates. Unica and vulcanized fibre wheels do 
not require {dates, but their strength is increased by 
patting a few rivets ttansversely through them. On no 
account should oil or grease be allowed to get upon raw- 
hide wheels, as they will be softened, and probably spoilt, 
by it, but fibre wheels are not afTected. The only 
lubricants for rawhide, if required, are French chalk or 
graphite. Printing ink is useful as a lubricant when bide 
pinions are required to run in a damp atmosphere. The 
width of face of a rawhide gear between the side plates 
should always be slightly greater than that of the wheel 
with which it meshes, so that the metal side plates do not 
oome in contact with the wheel Bawhide and fibre gears 
are specially useful where very high speeds have to be 
dealt with, owing to the freedom from noise and vibration 
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secured by their use ; hence they are more frequently used 
for electric than petrol automobiles. 

Bevel gears are a common feature of the transmission 
gearing of present-day cars ; nevmtheless, their use is not 
reoouunended. The writer is of opinion that bevel-gear 
driven live axles will before long be discarded, for all but 
small cars, in favour of sprocket wheels and chains. In 
acme designs the use of bevel gearing is unavoidable, in 
which case the end thrust must be provided for. A ball 
or roller tiirust bearing is usually employed. The pro- 
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portions given for bevel wheels in Fig. 36 are based on 
averi^e practice. There will be no gain in making the 
width of the face greater than as given ; the pitch of the 
teeth at the smaller diameter would become too fine to be 
of much aervica 

WOTm gearing finds only limited application in an 
automobile, its chief use being for irreversible steering 
gears. In one or two designs worm gears are employed 
in place of chain or bevel gearing to drive the back axle, 
WhiOn'Oaed for this purpose the angle of the worm thread 
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ahonld be 45°, in order that the gear may act eqtiallj well 
in either direction, ie. either the worm or the wheel may 
be the driver. It is not recommended by the writer that 
worm gearing should be tued for driving the axle. It is 




well known that the frictional losses with this gear are 
very hi^, bat this will be no detriment to its use for 
steering purposes. 

Fig. 37 will give the designer aU necessary proportions 
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for worm gears, and the following formulee will enable 
him to calculate dimeneions : — ■ 

Formiibe for worm geaiiog — ' 
Let L = lead of vona. 

K = niimber of teeth in wheel. 

m = threads, or tnma, per inch in worm. 

d = diuueter of worm. 

d' = diameter of worm hob. 

T = throat diameter of wheel. 

B = diameter of wheel blank to sharp comers. 

= width of slots in hob. 

1 = width of hob teeth at bottom, 
b = pitch circumference of worm. 

V = width of worm-thread tool at end. 
u> = width of worm thread at top. 
P = diametral pitch. 
P* = circular pitch, 
a = addendum, or module. 
t = thickness of tooth on pitch-line. 
P" = normal thickoess of tooth on pitch-line. 
/= dearance. 
D" = working deptii of tooth. 
D" +/ = whole depth of tooth. 

6 = angle of teeth of wheel with axis. 

Then— 

For a single-thread worm, L = P' ; for a double-thread, 
L = SP* } for a triple-thread, L = 3F ; and so on, 

T 1 j» tT Tt NT* ^ N 



'P^ 
D + d 



B = T + 2{r' - r' cos |) 
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0-335P' , 



-+r 



£ = dJf% 



= O-SIP" w = 0-336P' 



The angle S is usually made 60° to 90°. 

The thread shown in Fig. 37 ia the Acme 29^ thread, 
and the dimensiooB ctf the thread for aeTeial sizes are 
givoi in the tahle below — 

TABLB 11. 
Tabli or Tbbuld Pabts. 



Ko.of 


^Pttot 


width >t top 


Width M 
bottom Df 


^SttJSid' 




s 




^th»^ 




rootorthiod. 


, 


O'MOO 


0-8707 


0-8655 


06293 


06345 


11 


O'SSSO 


0-2780 


0-2728 


0-4720 


04772 


2 


0-2600 


01853 


0-1801 


0-3147 


03199 


S 


01767 


0-1235 


0-1183 


0'2098 


02160 


1 


0-1350 


0-0927 


0-0875 


01573 


0-1625 


S 


01100 


0-0741 


00689 


01259 


O'lSU 


6 


0-0033 


0'D618 


00566 


0-1049 


O'llOl 


7 


0-0814 


0-0529 


0-0478 


0-0899 


00951 


8 


0-0725 


00463 


0-0411 


00737 


0-0839 


9 


0-0655 


00413 


0-0361 


00G98 


0-0751 


10 


D'0600 


00371 


0-0819 


00629 


0-0681 



Driving chains are generally of the roller variety, 
block chains not being mach employed, though a few yeua 
^0 they were much in evideuca Roller chains absorb 
less enei^ than block, and ib is possible, with a rollw- 
chain drive, under favourable conditions, for the efficiency 
of the drive to be aa high as 98 pw cent. 

The sprocket wheels for chtdns of the block type may 
be designed &oin the following formula. Let N = the 
number of teeth, ^ = the pitch, d = the diameter of the 
round part of the chain block (usually 0'325p), D = 
the distance &om centre to centre of the rivet holes in the 
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block (uaaally 0-4p), and = the distance from centre 
to centre of the rivet boles in tbe side plate (generally 
0'6p); then— 

(52) Pitch diameter = i — 3 




Fig. 38 illustrates a sprocket wheel for block chain, 
and the factors above appear thereon. The angle B is 

eqaal to ~^^, the value of which for any number of teeth 

up to 100 may be readily ascertained fix)m table No. 46, 

p. 170. Also tan ^ j ^ "° ** . 

g + C089 

The diameter over the points of the teeth may be 
taken as the pitch diameter plus d, and the diameter at 
the root of the teeth, which is of great importance, may be 
the pitch diameter minus d. 

For roller-chain sprockets the diameter of the pitch 
circle may be calculated from — 
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(53) 






where D « Uie pitch di&meter, or the diameter of the 

circle passing thnn^h the centres of the rollers ; p = the 

pitch in inches; N = the nnmber of teeth; and d = 

the diameter of the roller (nsoally 0'5;>). The diameter 

over the points of the teeth will be D + e£, and at the 

root of the teeth I> - d. The table No. 4£, p. 170, will 

be usefol in calculating the dimenaionB of roller-chain 

, , ^ , ,360= 180= „ , - 180^ .,, . 

wheels. Valoes of ^rr-. -^rf-i wd sin ^5=^ will be 

fomid tabulated for numbers &om 1 to 100. 

The design of t^ actual tooth outlines is a matter 
whidi does not concern an automobile designer; the cutters 
employed on the gear-cutting madiines take care of 
this. It may be mentioned that the involute tooth curve 
is better eoited to motor-car speed gears than the cydoidal 
curve, as it allows the shaft centres to be slightly varied 
without materially affectiog the working of the gears. 
Teeth cut to cycloidal curves render it imperative that the 
shaft centres of the gears shall be exactly the correct 
distance apart, the slightest variation causing the gears to 
be noisy and to wear badly. If the gear-wheel shafts can 
be placed the correct distance apart to commence with, 
and be always maintained so, it will be found that the 
cycloidal tooth wUl give quieter running, but in practice 
it is generally found that the shalt centre distance will be 
altered by reason of the wear of the bearings, and in the 
case of gear boxes of alnmimiun the aUoy has been known 
to streteh under the pressure exerted by the gears, and 
thus increase the distance between the shaft centres. 

With a change-speed gear of the Fanhard tyx>e it is 
usual to provide a square shaft for the sliding train of 



GEARING. 107 

gears. The writer advocates a rouod shaft with a oouple 
of sunk feathers in place of this, as, apart from the cost of 
manufacture of a square shaft, and of accorately fitting the 
gear sleeve to the shaft, it will be found very dif&cult to 
ensure that the gear wheels shall run absolutely true. 
Even when quite true to conunence with, very little wear 
will throw the gears out of truth and give rise to noise. 
With a round shaft and a round hole throt^b the gear 
sleeve, the work can be ground after hardenii^ and a 
perfect fit guaranteed. 

Clear wheels with less than twelve teeth should never 
be used, and it will be preferable to make fifteen teeth the 

TTiinimnni , 

A form of speed-reducing gear which is coming into 
favour is that known as the " crypto " or epicyclic gearing. 
Though not by any means new, the application of this 
gear to automobiles has only recently received much 
attention, and this is chiefly because of its success in small 
cars of American manufacture. When properly designed 
for the work it has to do, this gear is very satisfactory, 
owing to the smoothness of mnning and the ease with 
which the load is taken up. Some years ago the writer 
applied this gear to a motor bicycle, reducing the speed in 
the ratio of 4 to 1, and driving from the gear to the road 
wheel by means of a chain. The prindpal advantages 
derived fi?om the use of the gear in this connection were 
that it allowed a certain amount of slip, sufficient to avoid 
breakage of tlie drivii^ chain, and it permitted the engine 
to be disconnected Irom the road wheel at will, thus 
facilitatii^ riding in traffic. Also the motor could be 
started before mounting the machine with a starting 
handle in the usual manner, and the gear only allowed to 
act when the bicycle was under way, the gear coming into 
action very gradually. The usual form of this gear is 
seen in Fig. 39. The pinion A is the driver, being secured 
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to the engine shaft mually, or connected th^nto by a 
cliain drive. The four planetary piniona C revolve &eely 
on their spindles, whidi are fixed into the plate D. To 
the plate D is secured the sprocket wheel which drives 
the back wheels of the oar. When the pinion A is 
revolved, and the internally toothed ring B is held firom 
tevolving, the planetary pinions C are caused to ran 
around the ring B and carry the plate D with them. Hie 
latio of speed reduction with this gear is directly as the 
ratio of the number of teeth in the drivijig pinion A to die 
number of teedi in the ring B plia one. Thus in Fig. 39 
the pinion A has 18 teeth, and the ting B has 64 teeth, 
hence the plate I) will revolve at one-fourth the speed of 
A, i.e. the ratio of 18 to 54 + 1. It is to be noted that 
the spindles of the planetary pinions can only be equally 
spaced when the number of the pinions can be divided 
into the number of teeth in both the pinion A and the 
ring B without a remainder. Thus in the gear seen in 
Fig, 39 it woold be impossible to have four planetary 
pinions equally spaced around A, because the number of 
teeth in A and B cannot be divided by 4 without a 



The pitch of the teeth in an epicydic gear can be 
made much finer than woold be safe with ao ordinary 
reduction gear, as there are mote teeth in action to take 
the load. It would be safe to reckon that in the gear. Fig. 
39, there will never be less than three teeth in action at 
once, where in an ordinary pair of wheels the probability 
is that only one tooth would at times take the whole load. 
It is probably due to this that the epicyclic gear runs with 
such smoothness. 

When applied to an automobile, it is usual to make 
the reversing gear of similar design to the slow-speed 
forward gear, but with this difference, that the internally 
toothed ting B becomes the driven member of the gear, 



GEARING. ,09 

the plate D beii^held stationary. In this caae the ring 




B will revolve in tie opposite direction to the pinion A, 
and the ratio of reduction will be directly as the numbers 
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of the teeth in A and B, the planetary pinions merely 
acting aa intwmediate gears without any inflaence on the 
speed nttio. When the hi^est speed is required it is 
usual to employ a dutch and cause the whole of the gear 
to levolre at the same speed as the ei^ine shaft That is 
to say, the gear is idle, no teeth being exchanged, and the 
only reduction in speed between the motor and the road 
wheels is that due to the ratio of Uie number of teeth in 
the sprocket wheels used. 

EpicyoUc gearing has been employed in place of a 
main dutch in some cars, the driving pinion A being 
secured to tiie motor shaft and the plate D to the speed- 
gear shaft. By checking the ring B slowly the load is 
taken by the engine very gradually, and the car can be 
started without any shock. A further advantage is that 
there is no end thrust on either the motor or tlie gear 
shafts as with a conical clutch. The gear should be so 
designed as to be capable of beii^ filled with lubricant, 
when the wear will be but slight. By employii^ gear 
wheels with the teeth cut at a slight angle, i.e. helical 
gears, epicycUc gearing can be made practically noiseless 
in action. 

The annexed dif^ams of speed gears show the prin- 
cipal dimensions of the gears used in some well-known and 
successful cars. The face width of the gears is to some 
extent reduced by the teeth being bevelled ofT at one or 
both ends, to facilitate Uie meshing of the gears. In 
most cases this loss of efTective width amounts to a full 
1^ inch for each end bevelled, and should be allowed for 
when calculating the strength of the gear. 
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BRAKES. 

Pbobablt no part of an automobile reciuiiea more 
careful design than the brakes, in view of the probability 
that efBcient stopping powei may on occasion prevent loss 
of life. A h^h &ctor of safety is desirable, and in 
calculating strengths the weakest plaoea should receive 
ohief consideration. 

The duty of the brakes is to dissipate the energy stored 
in the movii^ vehicle, and in the shortest possible time. 
Hence, before we can calculate the strei^th required for 
any part of the brake gear, the energy contained in the 
moving mass must be ascertained. 

Denoting the energy in foot-pounds by E, the weight 
of the vehicle in pounds by W, and the velocity in feet 
per second by «, we have — 

(") -=f 

g representing tiie accelerataon due to gravity a 33-2 feet 
per second. It will be more convenient to modify Uie 
expression to ^ree with miles per hour, as the speed of 
motor vehicles is generally expressed in these terms. 
!nierefore, aa 1 mile is = 5280 feet, and 1 hour is = 3600 

seconds, 1 mile per hour ia = -^sfi = 1-466 feet per 
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second. Hence for 1 mile per hour ve have, anbatitDtuig 



and pntling S = mileB per lioar, the expression 64 
becomea — 

(55) E = WS" X 0-0334 

As an example, ve will assnme a vehiole weighing, 
inolnding its load, 16 owt, nmning at a speed of 15 miles 
per hour. Ignoring road reaistance, and substituting 
known values in 56, we obtain — 

E =■ 1792 X 225 y. 00334 = 13466 foot-pounds 

A fiustor of importance to be considered when calculating 
the stoppii^ power of the brakes is the coefficient of 
friction between the tyre of the wheel and the road surface. 
For want of precise information on this head we may 
assnme this coefficient to be 0'4 for iron tyres and 0*7 for 
rubber tyres. These values will vary according to the 
condition and material of the road surface. For wood and 
aaphalte roads, when the surface is greasy, the coefficients 
should be taken as not more than one-half the above 
values. On the mi^'oiity of automobiles the brakes only 
act upon two of the wheels, usually the driving wheels. 
Therefore we shall require to know the proportion of the 
total weight of the vehicle carried by the wheels to which 
the brakes are applied. Fen: the example selected above 
we wiU assume this to be one-half of the total weight = 
896 lbs. Then for the minimum distance in which the car 
can be stopped we have the expression — 

T "WS* X 0-0334 E 
^^^> ^ klT^ ftini 
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in which L = the mimmatii distance in which the car can 
be stopped, k = the coefficient of friction between the tyte 
and the road, and w = the weight in pounds carried by the 
wheels to which the brakes are applied ; the other factors 
being aa before. Sabatituting known values in 56, we 



L = 0.4 y QQg = 37-5 feet for iron tyres 

L = Tr= — one = 21'4 feet for mbber tyrea 

By dividing the enei^ E stored in the moving car by 
the distance L, we obtain the mean resistance rec[uired on 
the periphery of the tyres. Thus — 

iKT,-. « ■WS» X 00334 E , 
(57) P = j^ = j^ = hw 

In our example P = ■ „„ ■ _ - = say 360 lbs. for iron 

= say 630 Iba. for mbber tyiea ; one- 
half of these amounts being required on each of the two 
wheels. From this it will be seen that the coefficient of 
fiiction for mbber tyres, being greater than for iron, allows 
of a stronger breaking efifort being applied without skidding 
the wheels, and hence the car is stopped in a much shmrter 



When band brakes are used, their diameter is of 
necessity less than that of the road wheels, and the poll 
on the brake rods will be increased in inverse proportion 
to the diameter of the road wheel and brake drum. Thus — 

(58) p = h^ 

I 
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in vhich D ~ tlie diamettt of the road wheel, (f = the 
diameter of the brake dram, p « the pull on the brake 
rod; and the other factors as bef(H«. Assaming the road 
wheels of the car in the example to be 30 inches diameter, 
and the brake drams 10 inches diameter, and rubber tyiea 

on the wheels, we have, &om 58, p » 630 X tt, » 1890 Iba. 
for the pair of brake bands, or 945 lbs. mean poll on each. 
In the case of sadden applications of the brakes, such as 
cause the wheeb to skid, this pall of 946 lbs. will be moch 
exceeded. 

For shoe brakes, acting directly on the tyres, the 
preBsnre can be foand by dividing tiie mean resistance P 

p 
by the coefficient of Motion, or -r, which in onr example 

gives -fTjf " 450 lbs. on each tyre. 

In all the above calculations we have assumed the oar 
to be travelUi^ on a level road. Gradients wiU tend to 
lengthen or shorten the distance in which the car can be 
stopped, according to whether it is an np or down grade. 
Down grades will reduce the resistance F, and may be 
expressed as a fraction = /. The distance L in which the 
car can be stopped going downhill may then be calculated 
from — 

, WS" X 00334 

Sabfltdtntiiig known valuea from onr example, and 
BHflnniing a gradient of 1 in 20, we liave — 



° (0-7 X 896) - (1792 -f 20) 

13466 „, , ^ 

= nm-t - aoB = ■•>'• 25 feet 



:,,G00gIf 



The influenofl of a rising gradient: being all in favour 
of the brakes need not be taken into account in calcnlating 
the strength of the rods, etc., if these are made strong 
enough to take the straina vhen atoppii^ the car on the 
level or going downhill Fig. 40 ahowa gradients of 
variona degrees expressed as percentages. 




A properly designed band brake should be equally 
effective whether die car is running forward or backward, 
and the rods, etc, on both ends of the brake band should 
therefore be strong enon^ to stand the poll p. 

To provide for cases whcm the brakes have abnormal 
strains to bear, such as when the road wheels are skidded, 
the pull p found by formula 58 should be doubled. In 
our example this will give a poll of 1890 lbs. on eadi 
brake band. Using good quality mild steel, with a 
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tenacity of 80,000 lbs. per square indi, and alloving a 
factor of safety of 5, the sectional area of the brake band 
or the actuating rod at the weakest place should not be 
less than — 

1890x5 



80000 



= 0118 Bqoaie inch 



or, say, a diameter of -^g inch at the bottom of the tlireads 
on the poll rods. When the brake bands are of the type 
known as single-acting, as in Fig. 41, the poll on that end 
of the brake band which is acted upon by the operator 
(marked^ in Fig. 41) will be less than the pullp as found 
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above, owing to the windiog action of the drum tending to 
tighten the band. As the amonnt of surface encircled by 
the brake band increases, the pull pi will be lessened. 
If we take o = the coefficient of friction between the brake 
dram and the band, and = the number of degrees in the 
angle encircled by the brake band, we have — 



(60) 



^i 



• 0-434t« 
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Tabulating valaes for various angles, from this we 
obtain — 





TABLE 15. 






Ptrtrfdrcnm- 










n 


Pi = 


180 


0-5 


8-5 


0-28 


240 


0-666 


5-84 


0'1» 


270 


0-75 


66 


0-15 


300 


0-833 


81 


0-12 


315 


0-875 


9-0 


0-11 


S60 




12-85 


0-08 



A truly doable-acting band brake will retard tbe 
vehicle equally well numing either forward oi backward, 




Pre. 42. 



and Fig. 42 is an example of such a brake. Modem 
practice ijtclines to the use of " calliper " brakes, in which 
all the fictional auifaces are of metal, firake bands with 
leather or similar Bnbstances as lininp are unreliable. 
By oontinuous use, as when descending long inclines, the 
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liniiig is apt to cliar, owing to the heat generated by the 
friction. Metallic brakes cannot bum, but neverUieless 
on heavy can the braloa drum shonld be cooled by water 
ciicolation. 3^e writer favours the design of calliper 
brake seen in Fig. 43. In this the pull on the two brake 
shoes is equalized by the system of levers adopted. The 
shoes are pivoted at A to a lug provided on the axle. 




FiQ, 43. 

The springs B, B' keep the shoes out of contact with the 
drum when the brake is not in action, the arm C serving 
as an abutment for the springs, and to keep the shoes 
concentric with the drum. 

It is important that the two road wheels should be 
equally retarded when the brakes are applied, especially 
when the road surface is at all slippery. Unequal braking 
effort is a potent cause of " side slip," and, even when there 
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IB no daDgar of slipping, cauaes uoneceasaiy wear of the 
tyrea and uneciual strains in the vehicle. There aeema 
to be no other reason than slightly increased coat ^ainab 
the nse of spnr, or bevel, differential gearing for equalizing 
the poll on the two brake rods. The writer does not 
consider it good practice to transmit the actnal braking 
effort through the medium of the balance gear, for should 
the fiictional resistance between the tyre and the road be 
less for one wheel than the other, side slip is invited. 
The brakes must retard each wheel equally and inde- 
pendently of the balance gear. The use i^ balance gearing 
to equalize the pull on the brake roda ia not affected by 
thia consideration. 
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BALL BEARINGS. 

Bail bearii^B find man; applioataonB in an aatomoUle 
as tluust bearings and abaft bearings. Wben well pro- 
portioned for their load and tbe speed of tbe abaft, tbey 
give great freedom from Motion witb a minimnm of 
lubrication aod adjustment. Ball bearings are more 
Boited to slow tban high speeds, especially when heavy 
pressures are in question, and are more useful aa thrust 
bearings than in any other capacity, snob as behind bevel- 
gear wheels or worm gears, where tbe load is steady. 
Where shocks are to be encoonteied, ball bearings hare 
no place, owing to the liability of the balls to split. 

Thrust bearings are usually of tbe foui-point type, an 
illustration of which is seen in Fig. 44. To design a 
bearing of this kind, the number and diameter of the balls 
most first be decided upon from consideration of the load 
and speed. The radius of the pitch-circle of the balls can 
then be determined from — 

(61) E = -r^ 
^ ' sm iS 

where B = the radins of tbe pitch-circle, r = the radius 
of one ball, and = the angle subtended by the ball, as in 
Fig. 44. 

The angle 9 can be obtained from — 

(62) « = ?r 
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where K" = the number of balls it is proposed to use. 
Table No. 46, p. 170, will be of service in this coonectioD. 
The points A and B may be located anywhere on the 
vertical line CD. The circle shown passing throogh the 
centres of the balls is the pitch-circl& The bearing 
smrfaces of the ball races are described by drawing lines 
from the points A and B tangent to tihe circles representing 




the two balls. If, instead of drawing the tangents from A 
and B, the points C and I> at the intersections of the 
pitch- circle with the vertical line are used, the aisles a, a 
will each be 45°. 

To assist in determining the size of ball to use, the 
following table will be useful :— 
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TABLE IS. 



DUmtMrrfbtlL 


OrublDilatid. 


WoiMnfl«iL 


W«l(Up«rfn«. 












1,288 


160 


0-0415 




2,900 


860 


01401 




5,150 


610 


0-882S 




sloso 


IDOO 


0-6488 




11,600 


1450 


1-1218 


20,600 


2570 


2-6576 



In defligning a ball bewing, vliether (or taking a 
thnut or canyiiig a shaft, a certain amount of deaiaace 
between the bolls is necessary to allow them freedom of 
movement, and this should be about 0*005 inch between 
actjacent balls, but the total amount allowed in any bear- 
ing should not exceed one-thiid the diameter of tiie ball 
used. 

From foimola 61 the table No. 17, below, has been 
calculated, and will be found to save time when setting 
out a bearing. 



,^»,«u» 


DUmaUi rf pttch-drdt. 


Nmnbttarbtlli. 






loi. 


















19 








20 












10 


8-286 


22 


7-027 


11 


8'HB 


28 


7'84S 


IS 


3-864 


24 


7-662 


18 


4170 


25 


7-978 


14 


4-4H 


26 


829a 


15 


4-810 


27 


8-615 


16 




28 


8-934 


17 


6440 
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It may be asaumed that the &ictioQ of a ball beanng 
IB mdependent of the speed and the number of baUs, bnt 
the ball ased should be as large as possible, as the Motion 
varies, ronghly speaking, as the square of the diameter of 
the ball in inverse ratia To provide a good factor of 
safety, and to allow for nnequal distribution of the load, 
it is usual to assume that the whole load is carried by one 
ball, and to design accordingly. 

The safe loads given in the above table are calculated 
for a speed of 150 revolutions per minute of the bearing. 
As the speed is increased the value of the safe load will be 
decreased, it being safe to assume that, should Uie speed 
be doubled, the load should be decreased by one-Uiird. 
To determine the pitch-circle diameter for balls of any 
other diameter than 1 inch, multiply the tabular numlxv 
in Table 17 by the diameter of the ball selected. 
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CARRIAGE SPRINGS. 



Thb available data on the design of carriage Buffings is 
very limited, the method most often followed being a 
process of trial and error. For single springs, known as 
"grasshopper" springs, the writer uses the formula given 
by D. E. Clarke, as follows— 

BT*N 

(63) Safe load in tons = =^ 

in which B = width of plates in inches. 

T = thickness of plates in -^ inch. 
K = nomber of plates in spring. 
S = span of spring in inches. 
G = constant = 11-3. 

To detemdne the deflection in inches per ton of load, 
the most reliable formula the writer is acq^oainted with is 
that given in the Practieal Engviuer pocket-book, and 
repeated here — 

(«*) "'cm 

where I) = deflection in inches per ton of load. 
L = span of spring in inches. 
C = constant = 40,000 for single and 20,000 for 

double springs. 
B = width of plates in inches. 
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T = diickness of plates in inches. 
If = nomber of plates in the Bpiing. 

In a good maay instances it vill be fband that the 
puetunatic tyres hare more to do with the comfort of the 
occupants of the car than the springs, at least in the case 
of cars built a short time back. The present tendency to 
use long springs is a step in the right direction as tending 
to easier riding, which not only adds to the comfort of 
riding, but increases the life of the mechanism by pro- 
tecting it firom shock and vibration. 

The springs of a car should be of such a strength that 
th^ will be deflected Uirough half tbeur working distance 
when fully loaded. When first put to work it will 
probably be found that the springs will take a permanent 
set, BO that in estimating the initial deflection to be 
allowed Uiis should receive consideration. The amount of 
this set will only be slight, and will vary somewhat with 
different sprii^s, according to the tempering. 

It is reconunended that copious notes be taken, when- 
ever possible, of springs in actual use, and these, when 
tabulated, will be of more practical velue thiui any 
formulae. 

When unloaded with either passeogers or fnel, the car 
frame should not be parallel with ^e ground line, but 
should be slightly hi^in- at the back than in &ont. When 
the load is taken on board, the back end of the frame will 
be depressed, and should then be parallel with the ground. 
If the back of the frame is allowed to be lower than the 
front, i.e. nearer the ground, the appearance of the car will 
suffer. If anything, it will be better to let the front of 
the frame be lower than the back. 
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■00686 


■1 


■0078 
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■0133 
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■0177 
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•2 


■0314 


■03464 


■038 


'0415 


'0452 


■0*91 


■0531 


■0572 


■061G 


-066 


■8 


■0706 


■0755 


■0804 


■0855 
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■1076 
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■i 


■12» 


■132 
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■1452 


■1520 
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■2043 
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'2734 


■6 
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■2922 


■3014 
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■3217 
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■7 


■3848 
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■4071 


■4185 


■4301 


■4418 


■4536 
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■8 


■5026 


■5153 
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'5411 
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■5945 


■6082 


■6221 


■9 


'6369 


■6504 


■6648 


■6793 


■694 


7088 


■7238 


■739 


■75*3 


■7698 
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77 
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38 


14-44 
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81 
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17-64 
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1-6261 
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APPENDIX. 

TaSLB or SOtTABU, OCTBES, BTO.— (00llftnu«(i). 



Mo. 


eqou., 


CllM. 


■^^ 


Cob* 

lOlH. 


No. 


a,™,™. 


Oob«. 


^ 


Cnb. 


36-6 


1339-56 


49027-896 


6-0498 


3-3202 


41-2 


1697-44 


69934-528 


6-4187 


3-4538 


367 


1346-89 


49430-863 


6-0581 


3-3232 


41-3 


1705-69 


70444-997 


6-4265 


3-4566 


36-8 


1354-34 


49836032 


6'0663 


3-3262 


41-4 


1713-96 


70597-944 


6-4343 


3-4594 


36-9 


1361-61 


60243-409 


6-0745 


3-3292 


41-5 


1722-25 


71473-375 


6-442I 


3-4622 


87 


1369 


50653 




3-3322 


41-6 


1730-56 


71991-296 


6-4498 


3-465 


87X 


1376'41 


51064 -811 


6091 


3-3352 


417 


1738-89 


72511713 


6-4575 


3-4677 


37-2 


1383-84 


51478-848 


00992 


3-3382 


41-8 


1747-24 


73034-633 


6-4663 


3-4705 


37-3 


1391-29 


51895-117 


S-1074 


3-3412 


41-9 


1755-61 


73560-059 


6-473 


3-4733 


37-4 


1398-76 


62313-624 


6-1156 


3-3442 


42 


1764 


74088 


6-4807 


3-476 


87-5 


1406-25 


52734-375 


61237 


3-3472 


421 


1772-41 


74618-461 


6-4884 


3-4788 


37-6 


141376 


53157376 


61319 


3-3501 


42-2 


1780-84 


76161-448 


6-4961 


3-4815 


377 


1421-29 


53583-683 


614 


38531 


42-3 


1789-29 


7S686-967 


6-5038 


3-4843 


87-8 


1428-84 


54010152 


61482 


3-3561 


42-4 


179776 


76225-02* 


6-5116 


3-*87 


37-9 


1436-41 


54439-939 


6-1563 


3-3S9 


42-5 


1806-26 


76765-625 


6-5192 


3-4898 


38 


1444 


54S72 


6-1644 




42-6 


1814-76 


77308776 


6-5268 


B'4915 


381 


1431-61 


65306-341 


6-1725 


3-3649 


427 


1823-29 


77854-483 


6-5345 


3-4952 


38-2 


1469-24 


05742-9S8 


6-1806 


3-3679 


42-8 


1831-34 


78402752 


6-5*22 


3-498 


88-8 


1466-89 


66181-897 


61887 


3-3708 


429 


1840-41 


78953-589 


6-5498 


3-5007 


88-4 


1474-56 


56623-104 


61968 


3-3737 


43 


1849 


79507 


6-5574 


3-5034 


88'5 


1482-25 


57066-625 


6-2048 


8-3767 


43-1 


1857-61 


80062-991 


6-5651 


3-5061 


38-6 


1489-96 


67512-456 


6-2129 


3-3796 


43'2 


1866-24 


80621-568 


6-5727 


8-5088 


387 


1497-69 


67960-608 


6-2209 


8-3825 


43-3 


1874-89 


81182737 


6-5803 


3-5116 


388 


1505-44 


68411-072 


6-229 


3-3854 


48-4 


188356 


81746-504 


6-5879 


3-5142 


38'9 


1513-21 




6-237 




43-5 


1892-25 


82312-875 


6-6954 


3-5169 




I52I 


59319 


6-245 


3-3912 


43-6 


1900-96 


82881-856 


6-603 


3-5196 


891 


1528-81 


59776-471 


6-263 


8-3941 


437 


1909-69 


88453-453 


6-6106 


8-5223 


39-2 


1536-64 


60236-288 


6261 


3-397 


43-8 


1918-44 


84027-672 


6-6182 


8-525 


39-3 


1544-49 


60698-457 


6-269 




43^ 


1927-21 


84604-519 


6-6257 


3-5277 


391 


155236 


61162-984 


6-2769 


8-4028 


44 


1936 


85814 


6-6332 


35303 


89-5 


1560-25 


61629-875 


6-2849 


3-4056 


441 


1994-81 


85766-121 


6-6408 


3-633 


39-6 


1568-16 


62099-186 


6-2929 


3-4085 


44-2 


1953-64 


86350-888 


6-6483 


8-6357 


397 


1576-09 


62570773 


6'3008 


3-4114 


44-3 


1962-49 


86938-307 


6-6S58 


3-5384 


89-8 


1584-01 


63044792 


6-3087 


3-4142 


44-4 


1971-36 


87628-384 


6-6633 


3-641 


39-9 


1592-01 


63521-199 


6-3166 


3-4171 


44-6 


1980-26 


88121-125 


6-6708 


S-6437 


40 


1600 


64OO0 




3-42 


446 


198916 


88716-536 


6-6783 


8-5463 


*01 


1608'01 


64481-201 




3-4228 


447 


1998-09 


89314-623 


6-6858 


3-549 


40-2 


161604 


64964-808 


6'3404 


3'4256 


44-8 


2007-04 


89915-392 


6-6933 


3-5516 


40-3 


1624 09 


65450-827 


6-3482 


S-4285 


44-9 


2016-01 


90518-849 


67007 


3-5543 


40'4 


1632-16 


65939-264 


6-3561 


3-4813 


45 


2025 


91125 


6-7082 


3-5569 


40'5 


1640-25 


66430-125 


63639 


3-4841 


451 


2034-01 


91733-8S1 


6-7157 


3-5595 


10'6 


1648-36 


66923-416 


6-3718 


S-437 


45-2 


2043-04 


92345-408 


6-7231 


8-5622 


407 


1656-49 


67419143 


6-3796 


3-4398 


45-3 


2052-90 


92959-677 


67305 


3-5648 


40-8 


1664 '64 


67911-312 


6-3875 


3-4426 


45-4 


2061-16 


93576-664 


6-738 


3-5674 


40'9 


1672-81 


68417-929 


6-3953 


8-4454 


45'5 


2070-25 


94196-375 


6-7454 


3-57 


41 


1681 


68921 


6-4031 


3-4482 


45-6 


2079-36 


94818-816 


67528 


3-5726 


411 


1689-21 


69426-531 


6-4109 


3-151 


45-7 


2088-48 


95443-993 


6-7602 


3-5752 
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APPENDIX. 

Tabli or Botabm, Oraw, ■ic.^«oiiI1mimI)' 



K<k 


Sqittn. 


Cnba. 


"isr 


Cob* 


Mb. 


Squn. 


Cta. 


root. 


a- 


46-8 


2097-64 


96071 -612 


6-7676 


3-5778 


54 


3916 


157464 


7-3485 


37798 


45-9 


210681 


96702-579 


6-775 


3-5805 


55 


3025 


166375 


7-4162 


3-803 


U 


2116 


97336 


6-7823 


3-583 


56 


8136 


176616 


7-4833 


3-8359 


461 


2125-21 


97972-181 


6-7897 


3-5866 


57 


3249 


183193 


7-5498 


3-8485 


46-3 


2184-44 


98611-128 


6-7971 


8-5882 


58 


3364 


196112 


7-6158 


3-8709 


46fl 


2143-69 


99252-847 


6-8044 


S-S908 


59 


8481 


205379 


7-6811 


3-893 


46-4 


2158-96 


998»7'344 


6-8118 


35984 


60 


8600 


216000 


7746 


3-9149 


46-5 


2162-25 


100544-625 


6-8191 


3-396 


61 


8721 


236981 


7-8102 


3-9365 


46-6 


2171-66 


101194-696 


6-8264 


83986 


62 


8844 




7-874 


3-9579 


46-7 


2180-89 


101847-563 


6-8887 


3-6011 


63 


3969 


250047 


7-9373 


3-9791 


46-8 


3190-24 


102603-232 


6-8411 


3-6037 


64 


409G 


262144 


8 


4 


46-9 


ai99-61 


103161-709 


6-8484 


8-6063 


63 


4223 


374625 


8-0633 


4-0207 


47 


2200 


103823 


6-8557 


36088 


66 


4356 


3*7496 


8-124 


40412 


47-1 


221B'41 


104487111 


6-8629 


3-6114 


67 


4489 


300768 


8-1854 


4-0615 


47-2 


2227-84 


105154-048 


6-S702 


3-6139 


68 


4624 


814432 


8-2462 


4-0817 


47-3 


2237-29 


105823817 


6-8773 


S-6163 


69 


4761 


328509 


8-3066 


4-1016 


47-4 


2246-76 


106496424 




8-619 


70 


4900 


S43000 


8-3666 


4-1213 


47-6 


22S6-25 


107171-875 


6-892 


3-6216 


71 


3041 


857911 


8-4261 


41408 


47-6 


2265-76 


107850-176 




3-6241 


72 


5184 


873248 


8-4853 


4-1602 


47-7 


2275-29 


108581-333 


6-9065 


3-6267 


78 


3329 


889017 


8-544 


4-1793 


47« 


2284-84 


109215-352 


6-9138 


3-6292 


74 


5476 


405224 


8-6023 


4-1983 


47-9 


22W41 


109902-239 


6-921 


3-6317 


75 


5625 


421875 


8-6603 


4-2172 


48 


2304 


110592 




3-6342 


■76 


5776 


438977 


87178 


4-2358 


481 


2313-61 


1112S4-641 


6-9354 


8-6368 


77 


5929 


456533 


8-775 


4-2543 


48-3 


2323-24 


111930-168 


6-9426 


3-6393 


78 


6084 


474532 


8-8318 


4-2737 


48-3 


2332-89 


112678-587 


6-9498 


3-6418 


79 


6241 


493039 




4-2908 


48-4 


2342-56 


113379-904 


6-957 


3-6443 


80 


6400 


512000 


8-9443 


4-3089 


483 


235226 


114084-125 


6-9642 


3-6468 


81 


6361 


531441 


9 


4-3267 


48-6 


2361-96 


114791-256 


6-9714 


8-6493 


83 


6724 


551368 


9-0554 


4-3445 


487 


2371-69 


115501-303 


6-9785 


S-6318 


83 


6889 


571787 


91104 


4-3621 


48-8 


2381-44 


11S214-272 


6-9857 


8-6543 


84 


7056 


592704 


9-1652 


4-3795 


48-9 


2391-21 


116630-169 


6-9929 


8-6568 


83 


7223 


614126 


9-2195 


4-3968 


49 


2401 


117649 


7 


3-6593 


86 


7396 


686056 


9-2736 


4'414 


491 


241081 


118370-771 


7-0071 


3-6618 


87 


7369 


658503 


93274 


4-431 


49-2 


2420-64 


119095-488 


7-0143 


8-6643 


88 


7744 


681472 


9-3808 


4-448 


49-3 


2430-49 


119828-157 


7-0214 


3-6668 


89 


7921 


704969 


9-434 


4-4647 


49-4 


2440-36 


1305S?'784 


7-0285 




90 


8100 


729000 


9-4868 


44814 


49-5 


2450-25 


121287-375 


7-0356 


3-6717 


91 


8281 


753571 


9-5394 


4-4979 


49-6 


2460-16 


122023-936 


7-0427 


3-6742 


92 


8464 


7786S8 


9-5917 


45144 


49-7 


347009 


122763-473 


7-0498 


8-6766 


93 


8649 


8WS57 


9-6137 


43307 


49-8 


3480-04 


123505-992 


7-0569 


3-6791 


94 


8836 


830684 


9-6954 


4-5468 


49-9 


3490-01 


124251-499 


7-064 


8-6816 


95 


9025 


857375 


97468 


4-5629 


60 


2500 


126000 


7-0711 


8-684 


96 


9216 


884736 


9-798 


4-3789 


51 


2601 


1S2G51 


71414 


8-7084 


97 


9409 


912673 


9-8489 


4-5947 


52 


2704 


U0B08 


7-2111 


8-7823 


98 


9604 


941192 


9-8995 


4-6104 


53 


2809 


148877 


7-2801 


87563 


99 


9801 


970299 


9-9499 


4-6261 
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APPENDIX, 
TABLE 26. 

AHD FOOBTH BoOTS (FBAOnON Al). 



No. 


•J 


V 


V 


Bo. 


V 


V 


V 


S,.i«rt. 


Cube root. 


IthroDt. 


Sq.root. 


Cob. root 


Ulinol. 


01 


0316 


0-464 


0-5622 


0-43 


0-671 


0-766 


0-8192 


on 


0'3317 


0-4791 


0-5759 


0-46 


0-6782 


0-7719 


0-82355 


012 


0'3464 


0-4932 


0-5885 


0-47 


0-6656 


07775 


0-828 


018 


0-3606 


0-5066 


0-6004 


0-48 


0-692S 


0-783 


0-8323 


014 


0-3741 


0-5192 


0-0117 


0-40 


07 


07884 


0-8367 


015 


0'387 


0-531 


0-6227 


050 


0707 


0794 


0-8409 


016 


0-4 


0-5429 


0-6325 


0-525 


0-7246 


0-8067 


0-8512 


0-17 


0-4123 


0-554 


0-6421 


0-550 


0-742 


0-819 


0-8614 


018 


0-4243 


0-5646 


0-6514 


0-575 


0-7583 


0-8316 


0-8708 


019 


0-4359 


0-5749 


0-6602 


0-6 


0-775 


0-843 


0-8804 


0'20 


0'447 


0-585 


0-6686 


0-625 


07906 


0-8SS 


0-8891 


0-21 


04583 


0-5944 


0-677 


0-650 


0-806 


0-866 


0-8978 


0-22 


0-469 


0-6037 


0-6849 


0-675 


0-8216 


0-8772 


0-9064 


0-23 


0-4796 


0-6127 


0-6925 


07 


0-837 


0-888 


0-9149 


OM 


0-4899 


0-6215 


0-6999 


0-725 


0-8515 


0-89835 


0-9228 


0-25 


0-5 


o-es 


0-7071 


0-750 


0-866 


0-909 


0-9306 


0-26 


05099 


0-6383 


07141 


0-77S 


0-8803 


0-9185 


0-9383 


0-27 


0-5196 


0-6463 


07208 


0-8 


0-894 


0-928 


0-9455 


0-28 


0-5292 


0-6542 


0-7274 


0-825 


0-9083 


0-9379 


0-9531 


0-29 


0-5386 


0-6619 


0-7338 


0-850 


0-922 


0-947 


0-9602 


0-30 


0-548 


0-669 


07403 


0-875 


0-9354 


0-9565 


09672 


031 


0-5568 


0-6768 


0-7462 


09 


0-949 


0-965 


0-9742 


0'32 


0-5657 


0'6S1 


0-7532 


0-925 


0-9618 


0-9743 


0-9807 


033 


0-5745 


0-691 


0-7579 


0-950 


0-975 


0-983 


0-9874 


034 


0-5831 


0-698 


0-7636 


0-975 


09874 


0-9916 


0-9937 


0-35 


0-592 


0-705 


0-7694 


10 


1000 


1-000 


1-000 


0-36 


0-6 


01114 


07746 


1-05 


1025 


1-016 


1-0124 


0-37 


o-6oes 


0-7179 


0-7799 


1-1 


1049 


1-082 


1-0242 


0-38 


0-6164 


0-7243 


0-7851 


115 


1072 


1-048 


1-0351 


0-39 


0-6245 


0-7306 


07903 


1-2 


1095 


1-063 


1-0464 


040 


0-633 


0-737 


0-7957 


1-25 


1118 


1-077 


1-0574 


0'41 


0-6403 


07429 


0-8002 


1-3 


1140 


1-091 


1-06T7 


042 


0-6481 


0-7489 


0-8O5 


1-35 


1162 


1105 


1-078 


0'43 


0-6557 


07548 


0-8098 


1-4 


1-183 


1-119 


1-0876 


0'44 


0-6633 


0-7606 


0-81445 


1-45 


1-204 


1132 


1-0973 
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APPENDIX. 
Tabli or BooT»-<<wat<na«l). 



Mo. 


^•L. 


cu'i* 


«,L. 


No. 


B^-C. 


0.x. 


^S^ 


1-5 


1-229 


1-14S 


11068 


5^0 


2^36 


1710 


1-4953 


1-55 


1-245 


1-157 


11158 


61 


2-268 


1721 


1-5017 


!■« 


1-265 


M70 


1-1247 


6^3 


21180 


1733 


1-51 


1-65 


1285 


1-182 


1-1336 


5-3 


2-802 


1744 


1-6172 


17 


ISO* 


1194 


1-142 


5'4 


2-824 


1754 


1-5245 


173 


■323 


1-205 


11502 


5'5 


2-345 


1765 


1-6318 


1-8 


■842 


1-218 


11582 


s^e 


2-366 


1776 


1-5382 


1-85 


■860 


1-228 


1-1662 


67 


2-388 


1786 


16453 


l-fl 


■378 


1-239 


1174 


58 


2-408 


1797 


1-5518 


1-95 


■3« 


1-249 


11815 


5-9 


2-129 


1-807 


1-5685 


2-0 


1-414 


1-260 


11891 


60 


2-450 


1-817 


1-5635 


21 


1449 


1-281 


12088 


61 


2470 


1-827 


1-5716 


2-2 


1483 


1-301 


1'2178 


ea 


2-490 


1-837 


1-678 


2-8 


1-517 


1-320 


12317 


6-3 


2-010 


1-847 


1-5848 


2-4 


1-549 


1-339 


1-2446 


6-4 


2-580 


1-857 


1-5906 


3-5 


1-581 


1-357 


1^2574 


6-5 


2-550 


1-866 


1-0969 


26 


1-613 


1-375 


127 


6-6 


2-569 


1-876 


1-6028 


27 


1-643 


1-393 


12818 


67 


2<588 


1-885 


1-6089 


2'8 


1-673 


1409 


1^2934 


6-8 


2-608 


1-895 


1-615 


34 


1703 


1-436 


1305 


69 


2-627 


1-904 


i-621 


3* 


1733 


1-442 


1316 


70 


2-646 


1-913 


1-6363 


31 


1761 


1-458 


1-327 


7-1 


2-665 


1-932 


1-6325 


8-2 


1789 


1-474 


1-338 


7-2 


2-683 


1-931 


1-638 


8-3 


1-817 


r489 


1348 


78 


2702 


1-940 


1-6438 


81 


1'81« 


1-504 


1-358 


7-4 


2720 


1-919 


1-6492 


35 


1-871 


1-518 


1^8678 


7-5 


2739 


1-957 


1-656 


3-6 


1-897 


1533 


13773 


7^6 


2757 


1-966 


1-6601 


S7 


1*24 


1-547 


1387 


77 


2-775 


1-975 


1-666 


3-8 


1-949 


1-561 


1396 


7-8 


2793 


1-988 


i-e7:3 


3-9 


1-975 


1-574 


1-40S3 


7-9 


2-811 


1-992 


1-6766 


4-0 


2-000 


1-587 


1-4142 


8-0 


2-828 


2-000 


1-6817 


i'l 


2-025 


1-601 


1-423 


81 


2-846 


2-008 


1-687 


*'2 


2-049 


1-613 


14814 


8-2 


2-864 


2017 


1-6923 


4-3 


2-074 


1-626 


14401 


8-3 


2-881 


2-025 


1-6973 


4'4 


2-098 


1-639 


14484 


8-4 


2-898 


2-033 


17024 


4-5 


2-121 


651 


14563 


8-5 


2-916 


aoii 


1-7076 


4-6 


214S 


■663 


14646 


86 


2-933 


2-049 


1-7126 


47 


2168 


■675 


14724 


87 


2-B50 


2057 


17176 


4-8 


2'191 


■687 


1^4802 


8-8 


2-967 


2-060 


17225 


4-9 


2214 


1-690 


1488 


8-9 


2-B83 


2-072 


17271 



Coogk" 
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Tablb or BooiB— (lionfjiiunl). 



No. 


V 


V 


V 


... 


V 


V 


V 


Sq.root 


Cflbeixot 


ithroot. 


Sq.root. 


Cubonot 


(UlMOt. 


90 


8-O00 


2-08O 


1732 


12-8 


8-592 


2-345 


1-8952 


91 


8-017 


2-088 


1737 


130 


3-606 


2-351 


1-8990 


9-2 


8-033 


2-095 


1-7115 


13-2 


3-633 


2-363 


1-906 


9'3 


8-05l> 


2-108 


17161 


13-4 


3-661 


2-375 


1-9131 


9'4 


8-06G 


2111 


1751 


13-6 


3-668 


2-387 


1-9201 


»« 


8-082 


2-118 


1-7555 


13-8 


3715 


2-899 


1-9271 


9-6 


8098 


2125 


17601 


14-0 


3742 


2-410 


1-9341 


97 


3115 


2133 


1766 


11-2 


3768 


2-422 


1-9411 


9-8 


8131 


2-14 


17695 


U-1 


8795 


2133 


1-9181 


9-9 


3146 


2-147 


1-7737 


11-6 


8-821 


2-441 


1-9547 


10-0 


8162 


2-151 


17782 


14-8 


3-847 


a-45* 


1-9614 


101 


3178 


2162 


17827 


15-0 


3-873 


2-466 


1968 


10-2 


8-194 


2169 


17872 


15-2 


S-899 


2-477 


19746 


10-3 


3-209 


2-177 


17911 


15-4 


3-924 


2-488 


1-9809 


10-4 


3-225 


2183 


17958 


15-6 


3-950 


2-499 


1-9875 


10-5 


3-240 


2-1S9 


1-8000 


15-8 


3-975 


2-509 


1-9937 


10-6 


3-35e 


2197 


1-8044 


160 


4-000 


2-520 


2-0000 


107 


3-271 


2-204 


1-8086 


16-2 


4-025 


2-5S0 




108 


8-286 


2-211 


1-8127 


16-4 


4-050 


2-541 


2-0125 


10-9 


8-302 


2-217 


1-8171 


16-6 


4-071 


2-551 


2-0184 


ll-O 


3-317 


2-224 


1-S213 


16-8 


4099 


2-561 


2-0246 


111 




2-231 


l'S253 


17-0 


4-123 


2-571 


2-0305 


11-2 


3-847 


2-237 


1-8295 


17-2 


4-147 


2-581 


20361 


11-3 




2-244 


1-8836 


17-4 


1-171 


2-591 


2-0123 


11-4 


8-876 


2-251 


1-8874 


17-6 


1-195 


2601 


2-0181 


U-5 


8-891 


2-257 


1-8115 


17-8 


4-219 


2-611 


2-054 


11-6 


3-408 


2-264 


1-8155 


180 


4-243 


2-621 


2-0599 


117 


3-421 


2-270 


1-8496 


18-2 


4-266 


2-6S0 


2-0651 


11-8 


3435 


2-277 


1-8534 


18-4 


1-290 


2-640 


20712 


119 


3-450 


2-288 


1-8574 


18-6 


1-313 


2-650 


2-0768 


120 


8161 


2-289 


1-8612 


18-8 


4336 


2-659 


2-0823 


121 


8-479 


2-296 


1-8652 


19-0 


4359 


2-668 


2-0878 


12-2 


3-493 


2-302 


1-8689 


19-2 


4-382 


2-678 


2-0938 


12-3 


3-507 


2-308 


1-8727 


19-4 


4-105 


2-687 


20988 


12-4 


3-521 


2-315 


1-8704 


19-6 


4-427 


2-696 


2-104 


12-5 


8-5SS 


2-321 


18801 


19-8 


4-450 


2705 


21095 


]2'6 


3-950 


2-327 


1-8841 


20-0 


4-472 


2-711 


21117 


127 


8-564 


2-333 


1-8879 


20-2 


4-491 


2728 


2-12 


128 


3-578 


2-339 


1-8915 


20-4 


4-517 


2-782 


2-125 



..Google 
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TABLE 27. 

WBTTwoKTm'i Stihdabd 59° Souv Thuam roK Bolt*. 

(With lizea of heugoul naU uid bolt beadi.) 



WMMmma^M. 


Ili»l»t 


DIuMtoc 


Dl*tuic* 


dm™ 


Hilck. 


Thick. 














rnc<l<nl 


Dwinul 


p-b-h. 


•fUUMd. 


tx». 


attaat. 


bOltbHd. 


■"*■ 


^ 


-0625 


60 


■0411 


•212 


•2*47 


-0547 


' 


f 


■09375 


48 


■0670 


■280 


-3238 


■0820 




■125 


40 


•0929 


-888 


-3902 


-1093 


f 


-1875 


24 


-1841 


-448 


■5173 


■1640 




■25 


20 


■1859 


■525 


-6062 


■2187 




1 


■S125 


18 


■2413 


■6014 


■6944 


-2734 






■875 


16 


■2949 


■7094 


■8191 


-3281 






■4876 




■3460 


■8204 


■9473 


■3828 






■5 




'3932 


■9191 


10612 


■4375 






■5625 




■4557 


Oil 


1-1674 


■4921 






•625 




■5089 


■101 


1-2718 


■5468 




I 


-6875 




■5710 


■2011 


1-3869 


■6015 


\ 




^75 




■6219 


■3012 


1-5024 


-6562 




1 


■8125 




■6844 


■39 


16050 


-7109 


\ 




■875 




■7327 


1^4788 


1-7075 


•7656 




1 


■8375 




■7952 


15745 


1-8180 


■8203 


\ 


1 


10 




■8399 


1-6701 


1-9284 


■875 


1 






1125 




■9420 


1-8605 


2-1483 


-9843 


1 




1 




I^25 




1-0670 


2'D4S3 


2-3651 


10937 






1 




1375 




11615 


2-2146 


2-5571 


1-2031 






1 




15 




1-2865 


2-4134 


2-7867 


1-8125 






1 




\m.h 




1-3688 


2-5763 


2-ff748 


1-4218 






1 




1-75 




1-4938 


2-7578 


81844 


1-5312 






1 




1-875 


45 


1-5904 


8^0183 


8-4852 


1-6406 


1 




2 


20 


45 


1-7154 


31491 


3-6362 


175 


2 




2125 


4-5 


l-SlOi 


3-337 


38582 


t'8593 


2 






2-25 




1-9298 


3546 


4-0945 


1-9687 


a 






2-375 




2^054B 


3-75 


43301 


2-0781 


2l 






2-5 




21798 


3^894 


44964 


2-1875 


2 






2-625 




2^3048 


4049 


4-6753 


22968 


2 






275 


3-5 


2-3840 


4^181 


4-8278 


2-4062 


% 




2^875 


8-5 


2-5090 


43456 


6-0178 


2-5156 


n 


3 


8-0 


S'5 


2-6340 


4'581 


5-2319 


2*25 


3 


8 




3125 


3'5 


2-7590 


4-69 


5^4156 


2734 




» 




325 


3-25 


2^8659 


4^85 


5-6002 


2-843 




8 




3375 


3-25 


2-9809 


frOl 


5-7850 


2-953 




8, 




35 


3-25 


31059 


frl75 


5^9755 


3'062 




8 




3-625 


3-25 


3-2809 


&362 


6-1915 


3^171 


31 


3 




3-75 


3 


3-3281 


5-55 


6-4085 


8281 


3} 


9 




3'875 


8 


34481 


5-75 


6-6395 


3-39 


3J 
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Wbttwobth'b Standabd Sobew TanEADS, e 



MniMMrofbol*. 


NombB- 


ri«Be»r 


DIiUDca 


Dlituiia 


Thick- 


Thlck- 


TnotloD^ 


D^.l 


p«inch. 


OfihT,^. 


"-■ 


""•"■ 


bolthetd. 


Dat. 


4 


4-0 


3 


3-5731 


5-95 


6-8704 


3-5 


4 


< 




4-125 


3 


36981 


6162 


7-1162 


3-609 


^\ 






4-25 


2-875 


3-8045 


6-375 


7-3612 


3-718 








*-375 


2-875 


3-9295 


6-6 


7-6210 


8-828 


* 


^ 




4-5 


2-875 


4-0545 








4 






4625 


2-875 


4-1795 


7-0625 


8-1550 




4 
i 


H 




4-75 


2-75 


4-2843 


7-3 


8-4293 








4-875 


2-75 


4-4093 


7-65 


8-7179 


4-265 


4 




5-0 








9-0066 


4-375 


5 






5125 






8-065 


9-3126 


4-484 






f 




5-25 


2-625 


4-762i 


8-35 


9-6417 


4-593 


,1. 


f 




5-375 


2625 


4-8871 


8-6 


9-9304 


4-703 






{ 




5-9 


2-625 


5-0121 


8-85 


10-2190 


4-812 




t 




6-625 


2-625 


5-1371 


915 


10-5655 


4-921 




h 




5-75 


2-5 


5-2S77 


9-45 


10-9119 


5<I31 


^ 


; 




5-876 


2-5 


5-3027 


9-75 


)0-25B3 


5110 


Si 




60 


2-5 


54877 


10 


11-5470 


525 





For gaa and water pipSB the Wbitwoith thread w nninitable, and for 
this pnrpoBe the atandaid thread ia mnoh shallower, with a mnch finer 
pitoh. The table below ia the atandard need in this cxmntr; for that 
purpOBo: — 

TABLE 28. 
WmTWOBTH Thubaob vob Oab ard Watbb Pipeb. 





DiUBttU 


l)luut« 


Itnnit«r 


InUrul 


DUmtMr 


DUmtter 




















orpii*. 














ptrlDcta, 






'3825 


3367 


28 


li 


2-245 


21285 


11 






-5180 


-4506 


19 




2-317 


2-2305 


11 






■6563 




19 






2-467 


2-3505 








■8257 


-7342 


11 






2-5879 


2-1710 


11 






■9022 


■8107 


14 


2( 




2-794 


2-6775 


11 






1-011 


■9195 


14 






3-0013 


2-SS48 


11 






1189 


1-0975 


14 


S 




3121 


3-0075 


11 


1 


1-309 


11925 


11 


V 




3-247 


31305 




1 




1192 


1-3755 










3-2509 




1 




1-650 


1-5335 


11 






3-3685 




1 




1745 


1-6285 


11 










1 




1-8825 


1-7660 


11 


SI 








1 




2-021 


1-9045 


11 


4-1256 


4-0090 


n 


1 




2-047 


1-9305 


11 


4 


1-339 


4-2225 


11 



. Cooglf 
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TABLE 29. 

Whttwobth BoBiw TfiUAM fob Htdudlio Ibom Piraia. 

The iittem&l uid exlenial diameten being those adopted bj Henn. 

Jamei Bojiell and Bons. 



DUll«l«irf 






Himber 

thmdi 


DUnuMrot 








Piptafr 


DlUMtW 


miba. 
P« 


pipli* 


UboltaB. 


InllM. 


K„» 










Uuwida 


Id- 


Ek. 




Nlun 


P« 


In- 


Ri- 


olthTMd. 






MnuL 






iDCtl. 




Mnul. 






iBdi. 


i^. 




n 


-5335 


fOOO 






fM 


1-6835 


4000 






1 1 


•6585 


6000 


14 


u 


V\ 


1-7585 


6000 






1 1 


7835 


8000 


2 


1-8835 


8000 




u 


-9085 


10000 






\% 


2-OOSS 


10000 






n 


■6585 


4000 






11 


17585 


4000 






1 


■7835 


6000 


14 


li 


2' 


1-8835 


6000 








■8085 


8000 


^1 


2-0085 


8000 






Ul 


10333 


10000 






A 


2-1385 


10000 








■9085 


40001 


14 




fi 


1-8835 


4000 






ll 


10335 


6000/ 




^ 


2-0085 


6000 






n 


1-1335 


80001 


n 


li 


2 


2-1335 


8000 






\A 


1-2585 


looool 




2 


2-2585 


10000 
















wi 




10000 








1-0335 


4000 


14 
















M336 


60001 






21 

2 


2-0085 


4000 




1 






8000{ 


11 


li 


2-1335 


6000 










lOOOOJ 




^ 


2-2585 


8000 
















2 


2-3835 


10000 








11835 


4000 


















12585 


6000 


11 








21335 


3000 








1-3835 


8000 




2 




2-2585 


4000 






1 


1-5085 


10000 




li 


2 
2 




2-3835 
2-5085 


6000 
8000 








1-25SS 


4000 






l2 




2-6335 


10000 










6000 


11 












i 


ji 


1-5085 


8000 
















1-6385 


10000 






|tl 




2-2585 
2-3835 


8000 
4000 








1-8895 


40001 




li 


2 




2-5085 


6000 




1 




1-5085 
1-6335 


s 


11 




2. 
2| 




2-6335 

2-7585 


8000 
10000 






1 


1-7585 


^mA 






^t 


2-3836 


3000 






PI 


1-5085 


4000 






2 


2-5085 


4000 




n 


i 


1-633S 
1-7085 


6000 
8000 


11 


2 


i 


2-6335 

2-7685 


6000 
8000 






(a 


1-8833 


10000 






3* 


2-8835 


10000 





:,,GooyIc 



TABLE 80. 

TTHmD Statu Btahdabd 60° Sobbw Thrbaim, 



DItmatar ot 


"-""•^ 


SUmMentioatDr 


Width or lit UMpuid 




thntd. 


bottom or th.3. 


1 


20 


■185 


-0062 


A 


IS 


■2403 


■0069 


^ 


16 


■2936 


■0O78 


14 


■3447 


■0089 


i 


13 


■4001 


■0096 


12 


■4542 


-0104 


r 


H 


-5069 


-0114 


1 


10 


■6201 


■0125 


1 


9 


■7307 


-0139 




8 


■8376 


■oisc 




7 


■8394 


-0179 




7 


10644 


-0179 




6 


1-1585 


-020B 




6 


12835 


-0208 


1 


51 


1-3888 


■0227 


1 


5 


1-4902 


-0250 


i| 


5 


1-6152 


■0250 


2 


;i 


1-7113 


•0278 




1-9613 


•0278 


^i 


i 


2-1752 


■0313 


4 


2-4292 


■0313 


3 


M 


2'62SS 


■0357 






2-8788 


■0357 






81003 


■0385 


8l 


S 


8-8170 


■0417 


4 


8 


8-5670 


■0417 


41 


21 


8-7982 


■0435 


t| 


2 


4-0276 


■0455 


*l 


2| 


4-2551 


■0476 


5 


2 




4-4804 


■0500 




2 




4-7304 


■0500 


2 




4-9530 


■0526 




2 




5-20SO 


■0526 


6 


2 




5-4226 


■0556 
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TABLB 81. 

IirmviTHniu. SrunumD 60° Tmnu). 

(Hetrio ■TiUm.) 



UuMMtadbi 


nub. 


IH«hMt M roM (f «brMd. 




millMilm 






MUUimBh. 




■5 


2-35 


■06 




■78 


303 


■09 




■75 


4-08 


■09 




1-0 


470 


■18 




1-0 


670 


■13 




10 


670 


■13 




125 


638 


■16 




1-0 


770 


■13 




1-25 


7-38 


■16 


10 


16 


8-05 


■19 


11 


15 


9-05 


■10 


12 


1-5 


10-05 


■19 


12 


175 


973 


■22 


14 


2-0 


1140 


■25 


le 


20 


1340 


■25 


18 


25 


14-75 


■31 


20 


2-5 


1675 


■31 


23 


2-5 


1875 


■31 


22 


30 


1810 


-88 


84 


30 


2010 


■88 


26 


3-0 


2210 


■38 


27 


S-0 


23-10 


■38 


28 


3-0 


2410 


■39 


80 


3-5 


2545 


■4* 


82 


3-5 


2745 


■4* 


88 


8-5 


2845 


-44 


84 


8-5 


2945 


■44 


»8 


4-0 


8080 


■5 


38 


4-0 


8280 


■5 


39 


4fl 


33-80 


■5 


40 


4-0 


34-80 


■5 


42 


4-5 


36-15 


■56 


44 


4-5 


38-15 


■56 


45 


4-5 


89-15 


■S6 


46 


4-9 


40-15 


■56 


48 


5-0 


41'5I 


■63 


50 


5-0 


43-51 


■63 


62 


5-0 


46-51 


■63 


S6 


5-5 


48-86 




60 


5-3 


S2-8S 


■69 


64 


6-0 


56-21 


75 


08 


6-0 


60-21 


75 


72 


6-9 


63-56 


■81 


T6 


6-5 


67-56 


■81 


80 


70 


70-91 


■88 
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Bbitub ABBOouTtON 1T|° Stahdasd Thsud. 

Thia U adt^ited m tha itandud icrew ^nge by the Poat-offlw 

Telegnphi Dep«rtmeiit and moit brge electrloftl flrm*. 





Komliuldl 


nuDHonaln 

ofulDClL 






Ko. 




"■^^ 




DiunMir. 


FiWb. 




DUIHMT. 


Fitch. 


25 


10 


2'g 


353 


■25 


■072 


2* 


11 


31 


317 


-29 


■080 


23 


13 


35 


285 




-089 


22 


15 


3-9 


259 


■37 


-098 


21 


17 


43 


231 


■42 


■11 


20 


19 


4-7 


212 


■48 


■12 


19 


21 


55 


181 


■54 


■14 


18 


84 


S-9 


169 


-62 


■15 


17 


27 


67 


1*9 


70 


■17 


16 


81 


7-5 


134 


79 


■19 


16 


85 


8-3 


121 


■90 


■21 


14 




91 


110 


1-0 


■23 


13 


14 


9'8 


101 


1-2 


■25 


12 


61 


110 


907 


1-3 


■28 


11 


59 


12'2 


819 


1'5 


■31 


10 


67 


I3'8 


72'6 


17 


•35 


9 


75 


15-4 


651 


1-9 


■39 


8 


m 


169 


591 


2-2 


■43 


7 


98 


18-9 


52-9 


25 


■48 


6 


100 


20-9 


*7-9 


28 


•63 


5 


126 


23-2 


43-0 


32 


■59 


4 


142 


26-0 


38-5 


8-6 


•66 


3 


161 


287 


84-8 


41 


73 


2 


165 


31-9 


31-4 


4-7 


■81 


1 


209 


35-4 > 


28-2 


5-3 


■90 





2S6 


39-4 


25-4 


6-0 


1-00 



3,q,i,.cd by Google 



TABLE 33. 

FsnoB Btavpabd 60° Thumu. 



UuMUr. 


TftA. 


DtaDHMr. 


Plleh. 


DtUDNff. 


Pilch. 






HUUiutni. 










■5 


16 


20 


36 


40 




■75 


16 


25 


38 


40 




■75 


20 


25 


10 


40 




I-O 


22 


80 


42 


4-5 




1-0 


24 


80 


44 


4'5 




H) 


26 


30 


46 


4'5 




1-0 


28 


30 


48 


5-0 




1-5 


30 


3-5 


50 


50 




1-5 




35 








2-0 


31 


3-5 
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Mombtr 






DUuMa 


cftbrwD 


DUmMn. 


oftbmdi 




oflhiudi 


DUmtUr 














pwiMli. 




peMnci. 




i 


20 
18 


i, 




2 

2| 




4 


^ 
^ 


3 

3 




\ 


14 






2 




4 
4 


I 


3 






12 


l| 




•/ 




4 


£ 






, 


12 






P 




4 


i 


8 






11 


















' 


11 
10 


1] 




¥ 


4 








I 


10 


Ij 




31 







..Gooylf 



APPENDIX. 



TABLE 35. 

Tabu or Dkoxai. BatriTALiim 

Of «igfathi, lUlMnUu, thirtyHNOondB, aad risty-fouiUu of an iooti. 



Mgbli.. 


TUttJ-MOOnd.. 


Bli 


r-tennlu. 


Uilr-fixrUiK 




■125 


A 


■03125 


A 


■015626 


» 


■616626 




■230 


A 


■09375 


A 


■046875 


« 


■646875 




■375 


A 


■15ff75 


h 


•078125 


s 


■578125 




■500 


& 


■21875 


b 


■109875 


i! 


■600376 




■G2S 


A 


•28125 


h 


■140626 


tl 


■640626 




750 


» 


■31375 


U 


■171875 


ti 


■671875 




■.75 


it 


■40625 
■46675 
■53125 
■59375 




■203126 
■284375 

■296875 


11 


■703125 
■734376 
■766625 


.U»..U. 


tl 


0625 


-796875 


A 


■1876 


» 


-66625 


H 


■328125 


U 


■828125 


It 


■3125 


« 


■71875 


» 


■359375 


H 


■85937S 


4 


■4375 


» 


■78125 


D 


■390625 


U 


■690626 


C 


■562S 


% 


■84375 


» 


■421376 


8 


'921875 


11 


■6875 


B 


■90625 


It 


■453125 


» 


■953125 


<i 


■8I2S 


» 


■96875 


it 


■484375 


H 


■964375 


« 


■0S70 
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HlLLIMITBU. 



iDOkM. 


MlllllHtlM. 


tubM. 


mubuttw. 


I»b«i. 




InckM. 


HDllmMrM. 




■79 


H 


18-25 


1» 


85-71 


2A 


5318 




IM 


\ 


19« 


>A 


36-51 


21 


5397 




2-38 


H 


19-84 


IH 


37-80 


^ 


54-76 




817 


W 


20-68 


»1 


88-09 


2A 


5556 




3-96 


w 


21*3 


'H 


38-89 


^ 


56-35 




4-76 


I 


22-22 


U 


39-68 


21 


57-14 




5-55 


It 


23-01 


iH 


40-48 


2£ 


B7-94 




6-M 


w 


23-ei 


If 


41-27 


ZA 


S8-73 




714 


ft 


24-60 


lit 


42-06 


2U 


59-53 




7-83 


1 


25-39 


Ml 


42-86 


2| 


60-82 




873 


u 


26-19 


ifi 


43-65 


m 


61-11 




952 


V. 


26-98 


1] 


44-44 


SA 


61-91 




1031 


lA 


27-78 


JH 


45-24 


2!i 


62-70 




1111 


ll 


28-57 


IH 


4603 


^ 


6349 




1190 


lA 


29-36 


IH 


46-83 


2S 


64-29 




1269 


lA 


80-16 


11 


47-62 


2ft 


65-08 




13-19 


lA 


30-9S 


la 


4841 


2il 


65-89 




H-28 


»i 


31-74 


iii 


49-21 


2* 


66-67 




15-OS 


lA 


92-54 


lit 


50-00 


2H 


67-46 




15-87 


ift 


33-33 


2 


50-79 


2U 


6826 




16-66 


lU 


3*13 


a* 


51-59 


2H 


69-05 




17-46 


1) 


84-92 


2A 


52-38 


^ 


69-84 
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UlUlDietra. 


IndM*. 


UUliOMtlM. 


iDOtan 


WIliDiMn*. 


LKbM 


.«».»». 


1^ 


70M 


3ii 


87-63 


4B 


124-61 


6)1 


151-60 


sli 


7143 


Si 


98-42 


411 


125-41 


6 


15239 


2B 


72-23 


3il 


99-21 


4!1 


126-20 


64 


15819 


!I 


7302 


SB 


100-61 


6 


126-99 


«4 


153-98 


2« 


73-81 


SU 


100-80 


54 


127-79 


64 


15478 


n 


74-61 


4 


10159 


54 


128-58 


6) 


155-57 


m 


7540 


44 


102-39 


54 


12938 


64 


156-36 


8 


7819 


44 


163-18 


51 


130-17 


6,; 


15716 


3* 


7699 


44 


163-98 


54 


130-96 


64 


137-95 


34 


77-7S 


41 


164-77 


S4 


13176 


61 


15874 


:« 


78-58 


4* 


10556 


54 


132 55 


64 


159-54 


s| 


79-37 


44 


106-36 


51 


13334 


64 


160-83 


3* 


86-16 


44 


16715 


54 


134-14 


611 


161-13 


34 


8696 


41 


107-94 


54 


134 93 


« 


161-92 


34 


8175 


44 


108-74 


5)1 


13573 


61i 


16271 


31 


82-54 


44 


109-53 


5| 


136-52 


64 


163-51 


3« 


63-34 


4U 


116-88 


5)1 


137-31 


611 


164-80 


34 


84-13 


4| 


111-12 


54 


13811 


6) 


165-09 


3il 


84-93 


4|i 


111-91 


5)1 


138-90 


6)i 


165-89 


3| 


8572 


44 


112-71 


5) 


139 69 


64 


166-68 


m 


86-51 


4U 


113-56 


5)1 


140-49 


OB 


167-48 


34 


87-31 


4| 


114-29 


54 


141-28 


6| 


16827 


3)1 


88-16 


4|i 


11509 


5)1 


112-08 


Oil 


169-06 


=1 


88-89 


4« 


115-88 


51 


14287 


611 


16986 


3|i 


8S-69 


41! 


116-68 


mk 


143-66 


6« 


17065 


34 


96-48 


4| 


11747 


5|1 


144-46 


6| 


17144 


n 


91-28 


4» 


11826 


5» 


145-25 


6ii 


17224 


3| 


92-67 


411 


11906 


51 


146-64 


6li 


17303 


:« 


92-86 


4» 


119-85 


5« 


146-84 


6fi 


173-83 


3» 


9366 


41 


120-64 


51i 


147-63 


61 


174-62 


^ 


94-45 


4R 


12144 


5B 


148-43 


6)! 


175-41 




9524 


4« 


122-23 


5i 


149-22 


en 


176-21 


3H 


96iM 


4B 


12303 


5|! 


150-01 


6)1 


17700 


31i 


96-83 


4i 


12382 


5)1 


156-81 


1 


17779 
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IlHllM. 




..d™. 


UIIUlMtlM. 


lachM. 


MDU-MT-. 


locb-. 


MlUlDMtrM. 


7* 


178-59 


8A 


203-58 


9A 


232-56 


lOA 


239-55 


7A 


179-38 


81 


20637 


9A 


233-36 


101 


260-34 


■di 


180-18 


8* 


207-16 


^ 


234-13 


loft 


261-14 


71 


180-97 


BA 


207-96 


91 


234-94 


10ft 


261-93 


TA 


181-76 


% 


2087S 


9A 


23574 


"Hi 


262-78 


7A 


182-56 


81 


209-54 


9A 


236-53 


10| 


263-52 


7A 


183-33 


8& 


210-84 


an 


237-33 


lOH 


264-81 


71 


IBiH 


8A 


211-lS 


9i 


23812 


lOft 


265H 


7* 


184-9* 


8ii 


211-93 


9» 


238-91 


lOU 


265-90 


7A 


185-73 


H 


212-72 


OA 


239-71 


101 


266-69 


7H 


186-53 


en 


213-31 


9M 


240-50 


lOH 


267-49 


71 


187-32 


8A 


214-31 


Bl 


241-29 


lOft 


26828 


7H 


18811 


B)! 


21310 


9H 


242-09 


lOB 


269-08 


7A 


188-91 


81 


21589 


9ft 


242-88 


101 


269-87 


7H 


18970 


81i 


216-69 


8H 


243-68 


loa 


270-66 


71 


190-49 


Sii 


217*8 


9( 


244-47 


lOll 


271*6 


7H 


191-29 


8H 


218-28 


^ 


245-26 


m 


272-25 


VA 


192-08 


8| 


21907 


9H 


246-06 


HH 


273-04 


7K 


192-88 


8S 


218-86 


^ 


246-85 


i(^ 


273-84 


71 


193-67 


8)1 


220-66 


^ 


247-64 


i<4i 


274-63 


7H 


m-46 


8fl 


221-45 


^ 


248-44 


lOH 


275-43 


7(1 


193-26 


« 


22224 


9H 


249-23 


Id 


276-23 


7H 


196-05 


^ 


22304 


JU 


250-08 


loj! 


27701 


7J 


196-8* 


8H 


223-83 


8i 


25082 


ion 


277-81 


TS 


197-6* 


^ 


224-63 


^ 


251-61 


loii 


278-60 


7H 


198*3 


81 


225-42 


9H 


252-41 


11 


279-39 


■m 


199-23 


SR 


226-21 


^ 


253-20 


"* 


28019 


71 


200-02 


8H 


227-01 


10 


253-99 


iiA 


280-98 


7}! 


200-81 


^ 


227-80 


lOA 


25479 


lU 


28178 


7« 


201-61 


9 


228-59 


IDA 


255-38 


"1 


282-57 


^ 


202-40 


9A 


229-89 


lOA 


256-38 


11* 


288-36 


8 


208-19 


flA 


230-18 


101 


25717 


lift 


284-16 


8A 


203-99 


9A 


230-98 


10^ 


257-96 


iiA 


284-95 


s,"* 


20478 


91 


23177 


lOA 


258-76 


"1 


285-74 
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,.*.. 


UUUiutTS 


IBCIU*. 


HiUllHtNi. 


iDCbM. 


«,,„™. 


IncbH. 


MlUlmeUH. 


"A 


28654 


1211 


313-53 


131! 


310-Sl 


14ii 


867-50 


"A 


287-33 


12i 


814-32 


134 


311-31 


m 


868-29 


iia 


288-13 


I2!i 


315-11 


1811 


312-10 


14H 


869-09 


"i 


288-92 


IW 


315-91 


181 


312-89 


»A 


869-88 


UH 


289-71 


1211 


31670 


131! 


313-69 


UJJ 


870-68 


"ft 


290-51 


121 


317-49 


134 


311-lS 


Hi 


871-17 


HH 


29130 


I'l! 


818-29 


1311 


31S-2S 


liH 


872-26 


"1 


292-09 


124 


319-08 


131 


316-07 


mi 


373-06 


111! 


292-89 


12B 


319-88 


13!| 


846-86 


»S 


873-85 


lis 


393-68 


121 


320-67 


isii 


347-66 


m 


874-64 


HI! 


294-48 


12» 


321-46 


13i| 


318'19 


»1i 


875-44 


Ill 


295-27 


12)1 


322-26 


13) 


849-21 


14ti 


376-23 


iin 


296-06 


12!! 


323-05 


13S 


3S0-O1 


"a 


377-03 


11)1 


296-86 


121 


323-84 


isii 


850-83 


Hi 


377-82 


llii 


297-65 


128 


324^4 


13!! 


S5I-63 


148 


87861 


u| 


298-44 


121i 


325-43 


isj 


352-42 


mi 


379-11 


lis 


299-24 


12B 


32623 


isi! 


353-21 


Its 


380-20 


ll)i 


300-03 


12i 


327«! 


1311 


351-01 


16 


380-99 


"!! 


300-83 


12B 


327-81 


13)1 


SM'BO 


15A 


381-79 


lli 


301-62 


1211 


328-61 


14 


355-59 


ISA 


88258 


lis 


302-41 


yak 


329-40 


Mi 


356-39 


154 


888-38 


nil 


303 21 


IS 


330-19 


l«,i 


85718 


15J 


384-17 


iia 


304-00 


13,', 


330-99 


n* 


857-98 


15* 


384 '96 


12 


304-79 


134 


331-78 


141 


358-77 


15ft 


88578 


1!* 


305-59 


isjl 


83258 


14* 


359-56 


15* 


886-55 


UA 


306-88 


131 


333-37 


l»4 


360-36 


151 


387-34 


!»« 


307-18 


13* 


334-16 


14i 


861-15 


15* 


38811 


12| 


307-97 


134 


33496 


141 


8S1-91 


15A 


888-93 


1!* 


308-76 


IS* 


335-73 


14* 


362-71 


15J1 


389-78 


IS* 


309-56 


131 


336-54 


"4 


363-58 


ISj 


390-52 


1!* 


310-35 


13* 


337-84 


1411 


361-38 


15H 


391-81 


121 


311-14 


134 


338-13 


141 


36512 


15A 


392-11 


128 


311-94 


1311 


338-93 


141! 


865-91 


15tf 


392-M 


124 


312-73 


131 


839-72 


"4 


366'7I 


ISJ 


893-69 



..Google 



APPENDIX. 

HlUUHSTkH— (a*a(fnMd> 



iMhM. 


Him-*-. 


iHbH. 


WUHMlM. 


lackM 


MUlliutrt*. 


^^ 


IimiDMtM. 


I5H 


39*49 


1611 


421*8 


ITU 


418-46 


188 


47545 


ISA 


895-28 


I6t 


422-W 


1711 


449-26 


18) 


176-24 


15H 


396-08 


1% 


423-06 


178 


450-05 


188 


477-0* 


151 


396-87 


16« 


42386 


171 


45064 


18H 


477-83 


15H 


89766 


1^ 


424-65 


178 


451-64 


m 


476-63 


1511 


89846 


16J 


425-44 


i7ti 


452-43 


18) 


479-42 


1^ 


399^ 


168 


426-24 


17B 


453-23 


1^ 


180-21 


15i 


400-04 


16ti 


42703 


17J 


451-02 


1811 


18101 


isH 


400-64 


16S 


427-83 


17a 


451-81 


18ji 


181-80 


15H 


401-63 


161 


428-62 


I7H 


455-81 


19 


182-59 


is« 


40243 


16« 


429-41 


17H 


456-10 


19* 


183-39 


15) 


403-23 


16H 


430-21 


18 


45719 


19* 


484-18 


15« 


404-01 


16J1 


431-00 


18* 


157-99 


1»* 


464-98 


151) 


404-81 


17 


481-79 


18* 


158-78 


191 


485-77 


15U 


409«> 


"A 


432-59 


18* 


159-58 


19* 


466-56 


16 


406-39 


17* 


483 38 


181 


460-37 


19* 


467-36 


16* 


407-19 


17* 


434-18 


IBA 


46116 


19* 


168-15 


16* 


407-9S 


171 


434-97 


18* 


16196 


191 


468-9* 


leA 


408-78 


17* 


185-76 


18* 


462-75 


19/. 


169-74 


161 


409-57 


17A 


436-56 


181 


163-54 


19* 


490-53 


10* 


41036 


17* 


437-35 


18* 


464-34 


19» 


491-33 


ISA 


41116 


171 


138-14 


18* 


465-13 


19) 


49212 


16* 


411-95 


17* 


138-94 


I6|l 


465-93 


1»1! 


492^1 


161 


412-74 


17* 


139'73 


18) 


466-72 


19* 


193'71 


16* 


418-54 


I7H 


44053 


181) 


467-51 


191) 


194 50 


16* 


414-33 


17( 


441-32 


18* 


466-31 


191 


195-29 


16H 


415-13 


171i 


44211 


19H 


469-10 


isy 


196-09 


16J 


4t5'92 


17* 


442-91 


181 


46989 


18* 


196-88 


16H 


416-71 


17H 


443-70 


18H 


170-69 


198 


197-68 


16* 


417-51 


171 


44449 


18* 


171-48 


19) 


498-47 


16H 


418-30 


17« 


415-29 


188 


172-28 


198 


199-26 


161 


41909 


17* 


116-08 


18) 


47307 


19H 


50006 


18H 


419-89 


17B 


116-88 


1^1 


173-66 


198 


500-85 


16ft 


420-68 


171 


117-S7 
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174-66 


181 


501-61 
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557-21 


23 
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22 
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20J1 
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21 
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Mf. 
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211 
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23) 


60007 
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21JJ 


546-89 


22ii 
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23i! 


600-86 


aoi 


520-69 


Mft 


547-68 


22t 


574-67 


2311 


601-66 


201i 


521-49 
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648-48 


22)1 


575-46 


23iJ 


60215 


20ft 


522-28 


air 


543-27 


22tj 


576-26 


23) 


603-21 


20« 


623-08 


2m 


550-06 


22H 


577-05 


2^ 


601-01 


20| 


523-67 


2Mi 


550-86 


22) 


577-84 


23)1 


604-83 


•m 


G24-66 


21B 


551-65 


22M 


578-64 


23B 


605-63 


m 


525-46 


2Ii 


652-44 


22-1 


579-43 


23) 


606-42 


20H 


526-25 


21 i! 


553-24 


22^ 


580-23 


238 


607-21 


20J 


527-04 


21H 


554-03 


221 


581-02 


23tJ 


608-01 


20H 


527-84 


21« 


554-83 


22R 


581-81 


23)1 


608-80 


m 


928-63 


21| 


555-62 


221) 


682-61 


24 


609-59 



3,q,i,.cd by Google 



APPENDIX. 
o HiLUiriTBM — imMmudy 



- — 


IdAh. 


UUItaMM. 


iDcka. 


HUIlBMrM. 


i^ 


HUllOMlm. 


15H 


3«^9 


16tt 


421-48 


I7« 


44846 


18fl 


475-45 


15ft 


395-28 


16| 


42227 


17)1 


449-26 


18J 


476-24 


15H 


396-M 


16)1 


423-06 


17B 


450-06 


leu 


177-01 


15( 


396-87 


16(1 


423-S6 


171 


45084 


m 


4T783 


1511 


39T-es 


16H 


424-66 


17H 


451-64 


18H 


178-63 


15)1 


39846 


16) 


425-44 


1711 


452-43 


IB) 


179-42 


>!« 


899^ 


1^ 


426-24 


17H 


453 23 


I^ 


480-21 


I5i 


400« 


16)1 


427-03 


171 


454-02 


18)1 


18101 


ii« 


40084 


1« 


427-63 


17B 


454-81 


18J1 


481-80 


15H 


401-63 


1«I 


428-G2 


1711 


455-61 


19 


482-59 


i5« 


402-43 


16il 


420-41 


1711 


456-10 


19* 


183-39 


i5i 


403-22 


16(1 


48021 


18 


45719 


19ft 


181-18 


1!« 


404-01 


16*1 


431-00 


18* 


157-99 


19* 


181-98 


15tt 


404-81 


17 


431-79 


ISA 


458-78 


i9i 


485 77 


ISM 


408«) 


17* 


432-59 


18* 


159-58 


19* 


166-56 


16 


40639 


17* 


433-38 


181 


460-37 


19ft 


487-36 


16* 


407-19 


17* 


43418 


18ft 


46116 


19* 


18815 


ISA 


40798 


171 


434«7 


18ft 


461-96 


191 


488-91 


16* 


406-78 


17* 


435-76 


18* 


462-75 


19Ji 


480-74 


161 


40957 


17ft 


436-56 


181 


463-54 


19ft 


49053 


16* 


410-36 


17* 


437-35 


18* 


461-34 


1911 


191-33 


IS* 


411-16 


17J 


438-11 


18ft 


465-13 


19| 


49212 


16* 


411-95 


17* 


438-9* 


leji 


465-93 


1911 


192-91 


16i 


41274 


"A 


439-73 


18) 


466-72 


19ft 


493-71 


16* 


41354 


17M 


440-93 


1811 


467-51 


1911 


494-50 


16A 


41433 


17i 


441-32 


18ft 


468-31 


191 


495-29 


16H 


41513 


17ii 


442-11 


18H 


469-10 


19« 


496-09 


16| 


41592 


17A 


442-91 


181 


169-89 


19A 


496-88 


16H 


416-71 


17H 


443-70 


18i! 


470-69 


191) 


197-68 


16A 


417-51 


171 


444-49 


ISA 


471-48 


19| 


498-47 


16H 


418-30 


1711 


445-29 


1811 


17228 


\9% 


499-26 


161 


419-09 


17A 


446-DS 


18| 


47307 


19)1 


500-06 


16H 


119-89 


171! 


446-88 


IBil 


473-86 


19)) 


500-85 


16ft 


420-68 


171 


447-67 


18fi 


474-66 


191 


501-64 



APPENDIX. 
Imobu to HiLtiHETBEB— (conlfnwd). 



Iiieh-. 


Mimm-r-. 


IncbM. 


MmiB«t«. 


I«b«. 




loct- 


MilU^t™. 


1^ 


502-41 


m 


529-43 


218 


556-41 


22a 


583-40 


m\ 


503-23 


20J 


530-22 


2111 


657-21 


2S 


584-19 


lOS 


504-03 


m 


53101 


2IJi 


568-00 


23* 


584-99 


I9J 


604-82 


20B 


531-81 


22 


558-79 


23ft 


685-78 


m 


505-61 


20il 


532-60 


22A 


559-59 


23ft 


586-58 


m 


506*1 


21 


533-39 


22ft 


660-38 


231 


587-37 


1911 


507-20 


21A 


534-19 


22A 


661-18 


23ft 


688-16 


20 


507-99 


21A 


534-98 


221 


661-97 


23ft 


588-96 


20A 


508-79 


21A 


535-78 


22A 


562-76 


23ft 


589-75 


20A 


509-56 


211 


636-57 


22ft 


563-56 


231 


S9054 


20A 


510-38 


21£ 


537-36 


22A 


56435 


23A 


591-34 


201 


5U-17 


21A 


53816 


22i 


565-14 


23A 


592-13 


20A 


511-96 


2U 


538-95 


22A 


S65'94 


23il 


592-93 


20A 


512-76 


2Ii 


539-74 


22ft 


566-73 


23| 


593-72 


aoi 


513-55 


21ft 


540-54 


22H 


66763 


231) 


594-51 


20i 


514-34 


21A 


541-33 


22i 


568-32 


23ft 


59531 


20A 


51514 


21ii 


542-13 


221) 


569-11 


231) 


59610 


20ft 


515^ 


21] 


542-92 


22ft 


569-91 


231 


696-89 


2011 


51673 


21); 


643-71 


22H 


570-70 


231J 


597-69 


20) 


517-52 


21A 


544-51 


221 


571-49 


23A 


698-48 


m\ 


518-31 


21^ 


545-30 


221J 


57229 


23)! 


699-28 


MA 


919-11 


211 


546-09 


22ft 


57308 


23J 


600-07 


20U 


519-90 


21H 


546-89 


221! 


573-88 


23)1 


600-86 


201 


520-69 


21ft 


547-68 


22i 


574-67 


m 


601-66 


20Ji 


521-49 


SIM 


548-4S 


2!^! 


575-46 


23)j 


602-45 


MA 


522-28 


21( 


549-27 


22!J 


576-26 


23) 


603-24 


aoH 


523-08 


2111 


550-06 


22Ji 


57705 


23a 


60404 


20( 


523-87 


21(1 


550-86 


221 


577-84 


m\ 


604-83 


20H 


524-6G 


m 


551-65 


22)) 


578-64 


23)] 


60563 


20(1 


525-46 


21i 


552-44 


22!) 


57943 


23) 


606-42 


m 


526-25 


21Ji 


553-24 


22a 


580-23 


m 


607-21 


201 


527-04 


21(1 


554-03 


221 


581-02 


23f| 


608-01 


20)1 


527-84 


21H 


554-83 


32B 


581-81 


23)1 


608-80 


200 


528-63 


211 


655-62 


2211 


582-61 


24 


609 59 



3,q,i,.cd by Google 



TABLE ST. 
EkKnTALDPr Valdm op Uilumbtui a 



Him- 


■^ 


MIUI- 


iDCkM. 


Hilli- 


IpdkN. 


MOll- 


iDdm 




-OSM 


26 


10236 


61 


2-0079 


76 


2-9922 


2 


•0787 


27 


1-O630 


62 


2-0473 


77 


3-0315 




■llSl 


2B 


11024 


S8 


2-0866 


78 


3-0709 




•1575 


29 


11117 


U 


2-1260 


79 


3-1103 




•1968 


30 


lieu 


65 


2-1654 


80 


3-1196 




■2362 


31 


1-2205 


66 


2-2047 


81 


31890 




■2756 


32 


1-2598 


67 


2-2441 


82 


3-2284 




■8150 


38 


1-2992 


58 


2-2835 


83 


3-2677 




■8548 


34 


1-3386 


59 


2-3228 


8* 


3-3071 


10 


■3987 


35 


13780 


60 


2-3822 


85 


3-3465 


11 


■4381 


86 


1-4173 


61 


2-4016 


86 


3-3859 


12 


■4724 


87 


1-4567 


62 


2-4410 


87 


3-1252 


13 


■5118 


88 


1-4961 




2-4803 




3-1646 


14 


5512 


39 


1-S354 


64 


2-6197 


89 


3-5010 


IS 


■5906 


40 


I-S748 


66 


2-6691 


90 


8-6433 


16 


■6299 


41 


1-6142 


66 


2'69S4 


91 


3-5827 


17 


■6693 


42 


1-6S36 


67 


2-6378 


92 


3-6221 


18 


■7087 


43 


1-6929 


68 


2-6772 


03 


3-6614 


19 


-7480 


44 


17323 




27166 


94 


3-7008 


20 


■7874 


45 


1-7717 


70 


27559 


95 


3-7402 


21 


•8268 


46 


1-8110 


71 


2-7953 


96 


3-7796 


22 


8661 


47 


1-8504 


72 


2-8347 


97 


8-8189 


23 


■9055 


48 


1-8898 


73 


2-8740 


98 


3-8583 


24 


9419 


49 


1-9291 


74 


2-9134 


99 


8-8977 


U 


■9813 


50 


1-9688 


76 


29628 


100 


3*370 



(100 miUimetrei = 1 decimetre.) 



3,q,i,.cd by Google 



APPENDIX. 



MUII- 


IndiH. 


MIlll- 

metKL 


Iiiche*. 


»11t 


Incba. 




■0007» 


II 


■02017 


2 


07874 




■00157 


H 


■02126 ' 


3 


11811 




■00236 


K 


■02205 


1 


15718 




■00315 


ii 


■02283 


5 


19685 




'00391 


ii 


■02363 


6 


23622 




■00472 


li 


■02111 


7 


27559 




■00551 


!l 


■02520 


8 


31196 




■O063O 


li 


■02598 


» 


35433 




■00709 


!J 


■02677 


10 


39370 


1! 


■00787 


it 


■02756 


11 


43307 


ii 


'Oosee 


il 


■02835 


12 


17211 


U 


■00945 


% 


■02913 


13 


51181 


u 


■01021 


» 


■02992 


1* 


55118 


u 


■01102 


» 


■03071 


IS 


59055 


it 


■01181 


a 


■08150 


16 


■62992 


tt 


■01260 


u 


■03228 


17 


«6929 


u 


■01339 


i) 


■03307 


18 


70866 


u 


■0U17 


» 


■033S6 


19 


71803 


it 


-01496 


it 


■03165 


20 


78740 


s 


■01575 


li 


■03543 


21 


82677 




■01651 


it 


■03722 


22 


86611 


a 


■01732 


li 


■03701 


23 


W551 


s 


■01811 


11 


■03780 


21 


■9M88 


u 


01890 


It 


■03858 


25 


■98125 


» 


■01M9 


1 


■03937 


26 1 


■02362 



- 1 oentlmetre = ^3937 
= 1 deoimetre = 3'937 
= 1 metre . = S9'37 



:v,.Googk" 



TABLE S9. 

PomfM pu Bqnxu Imob n KiLoaiAiiHBi pn Sqvau CExratmrn. 



FMHk 


KOa- 


rtmnlt 


Ub>. 


IWd. 


»!•- 


PaoKlt 


Kilo- 


p« 




P" 








P" 




*qun 


pwa^Dui 


•qun 


pn-tqnu* 




pwiqun 


^ST 


per ■quia 


tinh. 


iHitliiiMn. 




ouUuMn. 


tocta. 






WtllHM. 


1 


-OTOS 


41 


2-8826 


81 


5-6949 


206 


14-4129 


2 


•1406 


42 


2-9529 


82 


S7662 


SIO 


147645 


3 


-210U 


43 


3-0232 




5-6365 


215 


15-1160 


i 


-2812 


44 


3-0035 


84 


8-9058 


220 


15-4675 


6 


-3116 


45 


3-1638 


85 


5-9761 


225 


15-8191 


« 


-4218 


48 


3-2341 


86 


6-0464 


280 


16-1706 


7 


-4921 


47 


8-8044 


87 


6-1167 


286 


16-6221 


8 


-5f:24 


48 


3-3747 


88 


61870 


240 


16-8737 


9 


■6328 


49 


8-4450 


89 


6-2673 


246 


17-2252 


10 


■7031 


60 


35158 


90 


6-8276 


2S0 


17-5767 


11 


■7734 


61 


3-5856 


91 


6-8979 


255 


17-9283 


12 


■8437 


52 


8-6559 


92 


6-4682 


260 


18-2798 


13 


■9140 


58 


3-7263 


93 


6-5385 


265 


18-6318 


14 


■9843 


54 


37966 


94 


6-6088 


270 


18-9829 


15 


10546 


65 


3-8669 


96 


6-6722 


275 


19-3344 


16 


11249 


56 


8-9872 


96 


67495 


280 


19-6860 


17 


11952 


57 


4-0075 


97 


6-8198 


285 


200375 


18 


1-2665 


58 


4-0778 


98 


6-8901 


290 


20-3890 


» 


1'335S 


59 


4-1481 


99 


6-9604 


295 


20-7406 


20 


1-4062 


60 


4-2184 


100 


7-0307 


300 


21-0921 


21 


1-4764 


61 


4-2887 


105 


7-3822 


310 


21-7951 


22 


15467 


62 


4-8590 


110 


7-7338 


320 


22-4981 


23 


16171 


68 


44293 


115 


8-0858 


330 


23-2012 


24 


1-6874 


64 


44996 


120 


8-4368 


340 


23-9043 


25 


1-7577 


66 


4-5699 


125 


8-7884 


350 


24-6073 


26 


1-8280 


66 


4-6403 


ISO 


9-1399 


360 


258104 


27 


1-8983 


67 


47106 


135 


9-4914 


370 


280135 


28 


1-9686 


68 


47809 


140 


0-8430 


380 


26-7166 


29 


20389 


69 


4-8512 


145 


10-1946 


390 


27-4196 


SO 


81092 


70 


4-9215 


150 


10-5460 


400 


281227 


31 


2-1795 


71 


4-9918 


165 


10-8976 


410 


28-8258 


32 


2-2498 


72 


5-0621 


160 


11-2491 


420 


29-5288 


S3 


2'3201 


73 


51324 


165 


11-6006 


430 


30-2319 


34 


2-3905 


74 


6-2027 


170 


11-9522 


410 


30-9350 


3S 


2-4607 


76 


5-2730 


175 


12-3037 


450 


31-6880 


S6 


2-5310 


76 


5'3433 


180 


12-6558 


460 


32-3411 


S7 


2-6013 


77 


5-4136 


185 


13-0068 


470 


33-0442 


88 


2-6717 


78 


5-4939 


190 


13-3588 


480 


33-7437 


89 


2-7420 


79 


5-5542 


195 


187099 


490 


34-4503 


10 


2-8123 


80 


5-6246 


200 


14-0614 


500 


351533 



..Google 
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TABLE 40, 
EiLoeaAMms in Poukhs. 



tJlM 


Poo.*. 


KUm. 


P^nd.. 


KllM. 


Poundi. 


KIllM. 


IW, 


1 


2'205 


26 


57-320 


51 


112-436 


76 


107-551 


2 


4109 


27 


59-525 


52 


114-640 


77 


169-756 


8 


6'611 


28 


61^729 


53 


116-813 


78 


171-960 


4 


8-818 


29 


63-934 


54 


119-049 


79 


171165 


5 


11023 


30 


66139 


55 


121-254 


SO 


176-370 


6 


13228 


31 


68-313 


56 


123-459 


81 


178-574 


7 


15-432 


32 


70-518 


57 


125-663 


82 


180-779 


8 


17-637 


83 


72-752 


sa 


127-888 




182-983 


9 


19-842 


34 


71-957 


59 


130-073 


81 


185-118 


10 


22-046 


35 


77162 


60 


132-277 


85 


187393 


11 


24-251 


36 


79-366 


61 


131-482 


86 


189-597 


12 


26-455 


37 


81-571 


62 


186-186 


87 


191802 


13 


28-660 




83-770 




138-891 


88 


194010 


14 


30-865 


39 


8S-980 


64 


141-096 


89 


196-211 


15 


33069 


40 


88185 


65 


143 300 


90 


198410 


16 


35 274 


41 


90-389 


66 


1*5-505 


91 


200-620 


17 


37-479 


42 


92594 




147-710 


92 


202-825 


18 


39-683 


43 


94 799 


68 


149-914 


S3 


205-D3O 


19 


41-888 


44 


97-003 




152119 


94 


207-234 


20 


44-092 


45 


99-208 


70 


151-325 


95 


209139 


21 


46-297 


46 


101-413 


71 


156-528 


96 


211-644 


22 


48-502 


47 


103-617 


72 


158733 


97 


213-818 


23 


30-706 


48 


105-822 


73 


160-937 


98 


216053 


24 


52-911 


49 


108026 


74 


163112 




218-275 


2S 


55-115 


SO 


110-231 


75 


165-317 


100 


220-162 



3,q,i,.cd by Google 



TABLE 41, 
PontM n KiLoaiAinai. 



pMmdt. 


KOojn. 


P,.^ 


KI1<«™. 


^»*. 


Kllocn. 


IWd. 


Olofn. 




■454 


26 


11793 


51 


23133 


78 


84-473 




■907 


27 


12247 


52 


23-587 


77 


84-927 




1^361 


28 


12-701 


53 


24-010 


78 


35-380 




1'814 


29 


13-154 


54 


24<494 


79 


35-834 




2-268 


SO 


13-608 


55 


24-948 


80 


36-287 




2722 


81 


14061 


56 


25-401 


81 


36-741 




3175 


32 


14-515 


57 


25-855 


62 


37-195 




3-629 


33 


14-969 


58 


26-308 


63 


37-648 




4-082 


34 


15-422 


59 


26762 


64 


38'102 


10 


4-536 


35 


15-876 


60 


27-252 


65 


88-555 




4-989 


36 


16-329 


61 


27-669 


66 


39009 




54*3 


37 


16783 


62 


28123 


87 


39463 




5-897 


38 


17236 


63 


28-576 




39916 




6-390 


39 


17-690 


64 


29-030 


89 


40-370 




6-80* 


40 


18-144 


65 


29483 


90 


40-823 




7-257 


41 


18597 


66 


29-937 


91 


41-277 




7711 


42 


190S1 


67 


80-391 


92 


41-731 




8-16S 


43 


1950* 


68 


30-B44 


93 


42-184 


19 


8-618 


44 


19-958 


69 


81-298 


94 


42-638 


20 


9-072 


45 


20-412 


70 


81751 


95 


43-091 


21 


0-525 


46 


20-865 


71 


32-205 


96 


43-515 


22 


9-979 


47 


21-319 


72 


82-659 


97 


43-998 


23 


10-433 


48 


21-772 


73 


33-112 


98 


44-452 


24 


10-886 


49 


22-226 


74 


33566 


99 


44-906 


25 


11340 


50 


22-680 


75 


34019 


100 


45-359 



3,q,i,.cd by Google 



TABLE i% 

g WITH MlLUHBTiUt Eqditalintb. 



n.iii>. 


Si. 


Ft. la*. 


IflUI- 


Ft. !«. 


„T. 


Ft. In*. 


MIHI- 




25-39 


8 7 


1092-2 


7 1 


2159-0 


10 7 


3225-8 




50-79 


3 8 


1117-6 


7 2 


2184-4 


10 8 


3251-3 




76-19 


8 9 


11430 


7 8 


2209-8 


10 9 


3276-6 




10159 


3 10 


1168-4 


7 4 


2235-2 


10 10 


3302-0 




126-99 


3 11 


1193-8 


7 5 


2260-6 


10 11 


83274 




152-39 


4 


1219-2 


7 6 


22860 


11 


38528 




177-79 


4 1 


1344-6 


7 7 


2311-4 


11 1 


83782 




20S19 


4 2 


1270-0 


7 8 


2336-8 


U 2 


84036 




228-59 


4 3 


1295-4 


7 9 


23622 


11 8 


8429-0 




258-99 


4 4 


1320-8 


7 10 


2387-6 


11 4 


8454-4 


11 


27939 


4 5 


I34G-2 


7 11 


2413-0 


11 5 


8479-8 




30i-79 


4 6 


1371-6 


8 


2439-4 


11 6 


3505-2 




83019 


4 7 


13970 


8 1 


2463-8 


11 7 


3580-6 




355-69 


4 8 


1422-4 


8 2 


2489-2 


U 8 


8556-0 




380-99 


4 fl 


1447-8 


8 3 


2511-6 


11 9 


3581-4 




406'39 


4 10 


1173-2 


6 4 


2540-0 


11 10 


3606-8 




431-79 


4 11 


1498-6 


8 6 


2565-4 


11 11 


3632-2 




457-19 


6 


15240 


8 6 


2590-8 


12 


3657-8 




482-59 


9 1 


1549-4 


8 7 


2616-3 


12 1 


3683-0 




507-99 


3 2 


1574-8 


8 8 


2641-6 


12 2 


8708-4 




533-39 


5 3 


1600-2 


8 


2667-0 


12 3 


3788-8 


1 10 


558-79 


S 4 


1625-0 


8 10 


2692-4 


12 4 


8759-2 


1 11 


584-19 


5 S 


1651-0 


8 n 


2717-8 


12 5 


8784-6 




609-59 


fi 6 


1676-4 


9 


2743-2 


12 6 


88100 




634-99 


S 7 


1701-8 


9 1 


2768-6 


12 7 


3835-4 






S 8 


1727-2 


9 2 


2791-0 


12 8 


3860'S 




88579 


9 9 


1752-6 


9 8 


2819-1 


12 9 


3886-2 




711-19 


9 10 


1778-0 


8 4 


2811-8 


12 10 


3911-6 




736-59 


6 11 


1803-4 


9 S 


2870-2 


12 11 


3987-0 




761-99 


6 


1828-8 


6 


2895-e 


18 


8962-4 




787-39 


6 1 


1854-2 


9 7 


2921-0 


IS 1 


8087-8 




812-79 


6 2 


1879-6 


9 8 


2946-4 


18 2 


4018-2 




83819 


8 8 


19050 


9 9 


2971-8 


18 3 


4088-6 


2 10 


863-58 


e 4 


1930-1 


9 10 


2997-2 


8 4 


40644 


2 11 




e 5 


1955-8 


S 11 


3022-6 


18 9 


4089-4 




914-39 


6 6 


1981-2 


10 


3048-0 


18 6 


4114-8 




08979 


6 7 


200e-« 


10 1 


8078-4 


13 7 


4140-2 




96519 


6 e 


2032-0 


10 2 


8098-8 


13 8 


4165-6 




99050 


6 9 


2057-4 


10 8 


8124-2 


3 9 


41910 




10160 


6 10 


2082-8 


10 4 


8149-6 


13 10 


4216-1 




1041-4 


6 11 


2108-2 


10 S 


3175-0 


13 11 


4211'8 




1066-8 


7 


2133-6 


10 6 


8200-4 


14 


4287-2 
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Ft tM. 


BUtlM. 


Fl. Ii-. 


^U. 


r«. to. 


HllU. 


«■ ""^ 1 ^', 


U I 


4292-6 








52OT-0 


18 7 






4318-0 


15 8 


4775-2 


17 2 


5232-1 


18 8 


6689-6 


14 8 


4343-4 


IS 9 






5237-8 


18 9 


6715-0 


14 4 


4368-8 


15 10 


4826-0 






18 10 




14 S 


1394-2 


15 11 


4851-4 


17 5 


5308-6 


18 11 


3763-8 


14 6 




16 


4876-8 




5334-0 


19 




14 7 


4445-0 




4902-2 


17 7 


5859-4 


19 1 


5816-6 


M 8 


4470-1 


16 2 


4927-6 


17 8 


5884-8 


18 2 


38420 


14 9 


449E-8 


16 8 


4953-0 


17 9 


5410-a 


19 8 


5867-4 


14 10 


45212 


16 4 


4978-4 


17 10 


M33-6 


19 1 


SS92-S 


U 11 


4548-6 


16 5 


5003-8 


17 11 


5461-0 


19 5 


5918-2 


15 


4572-0 


16 6 


5029-2 


18 


5186-4 


19 6 


5943-6 


15 1 


4597'4 


16 7 


5054-6 


18 1 


6511-8 


19 7 


6969-0 


15 2 


4622-8 


16 8 


5080-0 


IS 2 


6537-2 


19 8 


6991-4 


15 3 


4S48-2 


16 9 


5105-4 


18 8 


5562-6 


19 9 


6019-8 


15 4 


4673-6 


16 10 


5130-8 


18 4 


6588-0 


19 10 


6013-3 


IS 5 


4699-0 


16 11 


5156-2 


18 S 


5613-1 


19 11 


6070-6 


13 6 


4724-4 




5181-6 


18 6 









TABLE 48. 
LisKU, Yabdc nr Hvputa. 



T«^ 


K*-. 


Y«<lt 


M** 


Y«d. 


H*-. 


T^ 


!.««. 


TudL 


M«™u 


1 


•814 


21 


19-202 


41 


37-490 


61 


65-778 


81 


74-066 


2 


1-828 


22 


20117 


42 


38-404 


62 


56-682 


82 


74-980 


S 


2148 


23 


21-031 


43 


89-319 


63 


57-607 


63 


75-891 


« 


3658 


21 


21-945 


44 


40233 


64 


68-521 


81 


76-809 


5 


4-572 


25 


22-880 


46 


41-147 


65 


60-435 


86 


77-723 


6 


6'486 


26 


28771 


46 


42-062 


66 


60-350 


86 


78-637 


7 


6101 


27 


21-688 


47 


12-876 


67 


61-261 


87 


79-562 


8 


7-316 


28 


25-603 


18 


48-891 


68 


62-178 


88 


80-466 


9 


8-229 


29 


26-517 


49 


44-eos 


69 


63-083 


89 


81-381 


10 


8111 


30 


27-482 


50 


45719 


70 


64-007 


SO 


82-296 


11 


1005S 


31 


aa-SM 


SI 


46-631 


71 


64-922 


91 


83-209 


13 


10-873 


81 


29-260 


52 


47-548 


72 


65-886 


92 


84121 


13 


U-887 


33 


80-175 


63 


48-463 


78 


66760 


93 


86038 


14 


12-801 


84 


81-089 


64 


49-377 


74 


67-665 


94 


85-953 


15 


18716 


85 


32-004 


65 


60-291 


75 


68-579 


95 


86-867 


16 


11680 


86 


82-918 


06 


61-206 


78 


69-494 


96 


87781 


17 


16615 


87 


BB-8S2 


57 


63120 


77 


70-108 


97 


88-696 


IS 


16169 


88 


84-747 


58 


63-033 


78 


71-322 


98 


89*10 


19 


17-878 


89 


36-661 


69 


63-949 


79 


72-237 


99 


90-526 


20 


18-288 


40 


86-576 


60 


64-863 


80 


73151 


100 


81139 
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TABLB M. 
Mbtbw n Limu. Tabim. 



M^ 


Tudi. 


Moow. 


TudL 


HMth. 


TiMl 


t 


1-OM 


33 


38-277 


68 


74-366 


2 


3188 


86 


89-370 


69 


76-460 


S 


8-381 


87 


40-464 


70 


76-553 


i 


4-S7* 


38 


41-058 


71 


77-647 


S 


S'168 


89 


42-651 


72 


78-741 


6 


6-562 


40 


43745 


73 


79834 


7 


7-655 


41 


44-838 


7* 


80926 


8 


fr7M 


42 


45-932 


75 


82-021 


9 


9'818 


4S 


47-026 


76 


83-115 


10 


10936 


44 


48-119 


77 


84-209 


11 


12-080 


45 


49-213 


78 


85802 


13 


13-128 


46 


50-806 


79 


86-396 


13 


14-217 


47 


51-400 


SO 


87-490 


14 


15S11 


48 


52-494 


81 


88-588 


IS 


16-40* 


49 


53-687 


82 


89-677 


IS 


17-498 


50 


94-681 


83 


90170 


17 


18-591 


51 


55-T75 


84 


91-864 


18 ■ 


19-685 


62 


56-668 


85 


92-958 


19 


20779 


53 


97-962 


86 


94-051 


20 


21-872 


54 


59-095 


87 


99-146 


21 


23-966 


65 


eO-149 


88 


96-289 


23 


24-060 


56 


61-243 


89 


97-882 


28 


23-158 


57 


62 336 


90 


98-426 


21 


26-247 


58 


63-430 


91 


99-619 


26 


27-340 


59 


64-524 


92 


100-613 


20 


28-434 


60 


65-617 


98 


101-707 


27 


29-528 


61 


66-711 


94 


102-800 


2a 


80-621 


62 


67-804 


95 


103894 


2B 


81-719 


68 


68-898 


96 


104-987 


80 


82-809 


64 


69-992 


97 


106 081 


81 


88-902 


65 


71085 


98 


:07-176 


83 


84-996 


66 


72-m 


99 


103-268 


8S 


se-089 


67 


73-272 


100 


100-363 


M 


87-183 
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TABLE U. 

DiontAL Fiumon or a LnraAL Ihob n 



lock. 


HUU- 


^ 


JKi 


iBCk. 


MUli- 


iHleL 


HQU- 


■01 


-2H 


■39 


7-366 


■87 


14-478 


•85 


21-590 


■oa 


■508 


■80 


7-630 


■68 


14-732 


•86 


21-844 


•03 


■763 


■81 


7^874 


■59 


14-986 


•87 


32-098 


-M 


i^oie 


■32 


8128 


■60 


lS-240 


•88 


22-352 


•05 


1«70 


■83 


8'382 


■61 


15-494 


-89 


22 606 


■06 


1'25« 


■31 


8-636 


-63 


15748 


■90 


22-860 


■07 


1-778 


■35 


8-830 


-68 


16-002 


■91 


23-114 


■08 


8-032 


-86 


9-114 


-64 


16-256 


■98 


23-368 


■09 


2-286 


-37 


9-898 


-65 


16-510 


■93 


33-628 




10 


2-S40 


■38 


9-652 


-66 


16-764 


■94 


28-876 




11 


2^7»t 


■88 


9-906 


■e? 


17-018 


■95 


24-130 




13 


30« 


10 


10-160 


■68 


7-278 


-98 


24 '384 




18 


8-30a 


-41 


10-414 


-69 


7-626 


■97 


21638 




H 


8-656 


-43 


10-663 


TO 


7780 


-93 


24892 




IB 


8-8I0 


-48 


10-922 


■71 


8034 


■99 


36146 




le 


1064 


-44 


11176 


-73 


8-288 


1-00 


36-400 




17 


1-818 


-*s 


11-480 


73 


18543 


S^OO 


60799 




18 


4-572 


■46 


11-684 


74 


18-706 


8-00 


76-199 


■19 


4-826 


•47 


11-988 


■75 


lOKWO 


4-00 


101-598 


■20 


5460 


■48 


12-192 


76 


19304 


8-00 


126-998 


■21 


5'SSl 


-49 


ia'446 


77 


19558 


6-00 


152-397 


■22 


5-588 


-50 


12-700 


78 


19'8U 


7-00 


177797 


-23 


5-813 


-51 


12-854 


79 


20-060 


8-00 


208-196 


■2* 


e-OM 


•52 


13-208 


-SO 


a0'32O 


S-00 


228-596 


-25 


8-SSO 


-53 


13-462 


-81 


20-574 


10«0 


26S-996 


■26 


6-604 


•54 


13-716 


-82 


20-828 


11-00 


279-395 


■27 


6-858 


•56 


IS-OTO 


■83 


21083 


12001 
=lfoot 


804794 


-28 


7112 


'56 


14-224 


■84 


21-336 
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MeTBIO CoflTlBSIOH Tablbi. 



Fonnda per foot . . x 1-188 - 

Fonndi per jord . . x -496 = 

TODB per Gwt . . . X 333333 = 

Tom per yard . . . x 111111 = 

Fonnda per mile . . x '281S = 

Ponnda per equaie inch X -0703 = 

PomidB pet aqnare foot X i'888 = 

Tona per 8qnare foot X 10-286 = 

TosB MT aqnare fard X 1'215 = 

Fonnoi per cnlno yard x 

Fonndi per onbio foot X 

Tona per cabio Tard . X 

Gtaina pei galloii . . X 

Fonnda pei gallon . x 

Qallona per aqnare foot x 
Foot-ponnds 
Foot-iiutf. . 
HoTB»-powet 



- kiloe. per metre. 

- kiloB. per metre. 
= kiloa. per metre, 
= kiloa. per metre, 
= kiloa. per metre. 
= kiloa. per eqnaje oentimetre. 
= kUoa. per «qaue metre. 
= tonnea per aqnare metre. 
= tonnea per aquare metr«. 

- kiloa, per onbio metre. 
= kiloa. per oubio metre. 
= tonnea per onbio metre. 



Hektui 



= kiloa, per litre. 

= litrea per aqnare metre. 

= kilogrammetrea. 

= tonne-metTefl. 

= force de cheval. 

= kilos, per ohe* aL 

= calorlea. 



Eiloe. per metre 
Eiloa. per metre 
Eitoe. per metre 
Eiloa, per metre 
Eike. per u '~ 



" -672 = Iba. per fbot. 
2016 - lbs. per yard. 
•0003= tona per foot 
■nnoQ- ton* per yard. 



Eiloa, per aqoore oentimetre X 11-223 = Iba. per aqujire i 
Eiloa. per aqnare millimetre X -63S = toua per square . 
Eiloa. per eqnars metre . X -2018 = Iba. per aquare f 
Tonnea per aqoare metre . x '0911= toiu per aqnare 
Tonnea per aqnare metre ■ x 623 = toiu per aquare 
Eiloa. per cnbio metre . - ' — " "^ ^' - 



Eiloa. per cqdio metre 

Eiloa. per onbio metre 
Tonnea per onbio n"*- 
Orammea per litre 
Kiloa. per litre . 
Eilogrammetrea . 
Tonne-metrea . . 
Foroe de oheTsl . 
Kilos, per cheval 
Calorlea .... 



pet mile. 
per squjire inoh. 
s per equate iuob. 
oer Btrn&rB foot. 

foot, 
yard. 



'0914= toiu pet aqnate fool 
■823 = toiu pet aquare yat 

X 1-686 = Iba. per onbio yud. 

X -0624= Iba. per cable foot. 

X -7£>2 = tons per onbio yud. 

X 78-09 = graina per gallon. 

X 10-4S8 = lbs. per gallon. 

X 7-233 = foot-ponnds. 

X 3-000 = foot-tons. 

X -9863=; hotae-power, 

X 2-235 = lbs. per horse-power. 

X 3-968 = heat Duila. 
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TbI FoLLOWIMa EODITALEBTS OV HxiOB WnOBTt ARD HumjBU Bl 

TtBiu or Impkbui, WmaBTt amd Hsutrus iob on a Tuna 
wtu luronoaiD bi an Obdbk hi Codroo. on tsx IStb Hat, 1898. 
Mafarto to Inq^nUL 
lAntat Jf«a«ur«L 
liiiiUiiiietM(mm.)(,Jbiiii.)= 043937 inch. 
1 oGDtimetre i^ m.) . . = 03937 „ 
1 deoinetre (A m.) . . = 8'9S7 inolua. 

1S94T01U lUhM. 
t-MOHSbat 
1 09H14S jnudi. 
1 dekunetre (10 m.) . . = 10-936 ynxiM. 
1 hMtomeire (100 m.) . = UW'SO „ 
1 kilometre (1000 dl) . = 0-62187 mila. 

1 eqnare oentimetre s 0-15500 iqTUire tnoli. 

1 •qaue deoimetre (100 iqiutre oeutimetrM) = 15-500 iqnste inohee. 

1 Bie (100 BqnaM metres) = 119'60 tqaore yarda. 

1 heatue (IDO uee, or 10,000 Bqnftre metres) = 2-4711 aorea. 

1 onbio oeDtimetre a 0-0610 cntna inclu 

lciibicdeoiiiietre(o.d.)(1000oQbiooantiinetTeB)= 61-<^ onbio inohea. 

i«.bio«.w(io»«,bi.a«ta.t»,. . . ={^:|^^j,S^ 

flfiuuure of Oajmeitf. 
1 oentilitre (yfc, litre) = 0-070 gill. 
I decilitre (A litre) . = 0176 pint. 

lUtre =1 76080 piate. 

1 dekklitre (10 litres) = 2-200 Kftllons. 
1 hMtoUtre (100 litres) = 27G biuheb. 

Weif/M — Avoirdupoi*. 
I milligram (.Jj, gnn.) = 0015 grain. 
1 oentlgiam (^ grm.) = 0-154 „ 
I deoigntm (^grm.) . = I'SIS giaini. 
1 gramme (1 gnu.) . = 15-432 „ 
1 dekagram (10 grm.) = 5*644 dtams. 
1 bectogram (100 grm.) = 8'527 oe. 
1 m™™ /innft «-. ^ _/ 8 »*8S»S lb., op 1HIS-SH4 
1 Mlogiam (1000 grm.) =| gtaia*. 
1 mjTiagram (10 kilog.) = 22'IMe lb. 
I qnintail (100 kilog.) - l'd6S owl 
1 tonne (1000 kilog.) . = -9842 ttm. 



:v,.Googk" 



APPENDIX, 

W^U—Tra^. 

1 .™,™ 1-1 »..., X / "03215 oz. troy. 
^ 8™°" <^B"°> = t 15-482 grwM. 

( -2572 dmohm. 
1 gram (1 gnu.) = \ '7716 Mruple. 



EomVALBSTB OF IMPEBIAL AND 


Mftbio Webhtb and Mbasures 


Imperial to KBtrlo. 


linear 


mamrt. 


linoh 

1 foot (13 inohea) . 
I7»ri(8h*t) . . 
1 fathom (6 feet) . 

1 cbain (22 yardi) '. 
IfuTloDiC220jatds 


= '3<H80 metro. 
= -914SM metre. 
= 1'828S metrea. 
= 50282 „ 
= 20-1168 „ 
= 201-168 



1 mile (8 fnrloDgB) = 

Sfuara JIfwMur*. 

1 sqiutre inch = 6*4516 equare oeotimetrei, 

1 Bqaaro foot (144 Bqiutre inches) = 9-2908 aqnaro deoimetree. 

1 iqnare yard (9 Bquue feet) . = -S36126 sqnora metiea. 

1 perch (301 eqaarB yards) . = 25-2S3 eqnaro metree. 

I rood (40 perohee) . . . . = 10117 aree. 

1 acre (1810 aqiuro yardi) . . = -40168 hectare. 

1 aqoate mUe (610 aoree) . . s 259-00 heotai«e. 

OuMn Sfeaaurt. 

1 cnbic inch = 16'387 onbio oentimelreB. 

1 onbio foot (1728 onblc inchea) = -026317 onbio metre. 
1 cubic yard (27 onbio feet) . = -761553 „ 

HeoiurM o/ CbpaeUy. 

1 gill =1-12 dei^itrea. 

1 pint (1 gilla) . . = -568 Utie. 
1 quart (2 t^te) . = 1136 ]itrea. 
1 gallon (« qnarti) = 4-HSB631 litrei. 
1 peek (2 nlkna) . - 9-002 
1 bviliel (g RaUons) = 8637 dekalitres. 
1 quarter (Sliusheli) = 2-909 heotolitree. 
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AfBOmmfim JTuMra 
1 pipjit ......111. 

1 flaU tenipls = 1184 milUHtna. 

1 flinil dnehm (SO miunu) . . . = 8-552 „ 

1 flnid oaun (B dneluw) . . . . = 2-84123 emtilitrM. 

1 pint s -068 litie. 

1 laOiB (I piati «i 160 fliU MBMi) = 4 iOWll Ittns. 

Atebii/i^oU ir«4U. 

Ignlu = -0618 gnuumo. 

1 dnm = 1-772 gmiua. 

1 ounce (16 drum) = 28-350 „ 

1 pnal (16 M. « 7000 gnlu) = '45SS0fl«8 Ulosrsm. 

1 rtons (14 lis.) = 6-350 UlognmB. 

1 quMtei (28 Ibt) = 12'ro 

1 h<udied«.igl>t (owt) (112 lb..) = { ^^ ^^ 
Ilcn(20owt) =/ l-qi6o£»ma.orl016 

ignun = -0618 

I pennjweigAt (21 graini) . = 1-5552 

1 iri^ ovnoe (20 peimTweigbto) = 31 1083 „ 

4po(A<caH« nUgU. 

1 graiD = -061S smnune. 

1 Krnpla (20 graini) = 1*296 gruninei. 
I dracbm (3 ccrnplei) = 3-888 „ 
1 onnoe (8 drMhiM) = 311035 „ 

NoTX — Approiimatelj one litre fqnaJa 1000 onbio centimetrei, ■ 
laa iDilUlitre eqnali 1-00016 onbic oentimetiM. 



APPBOZDIATB EgniTALDITI. 

I millimetie = ^ inoh. 

1 metre . . = 8 feet 3 iuohM uid 3 eightbi, 

Of lA yfcrfa. 
1 kilometre . = I mile. 
1 inoh . . , = 2j oentimetres. 
I mils ... s Ij kilDiuetre. 
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I oabio fard 
I oubic metre 
1 litre . . . 
1 gklbn . . 
1 onbio fbot . 



1 Kmnme . = 15( grains. 
1 kilt^rara . = 21 ponndi. 
1000 kilogiuu = 1 Eneluh Ion. 
I owt . . , = SI kllOKraiu* 
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iralims. Crown Bvo., 51. 



MACHINE DRAWING AND DESIGN. 

i>tW^£^i.ffX— MECHANISM. By S. DUNKERLEY, M.Sg, 

AssocM.Insl.C.E., M.Inst.C.E.. Professor of Applied Mechanics in (he Royal Naval 
College, Greenwich. With 416 ^i^^ms. 8vo.,9J. net. 

LONGMANS' IMPROVED DRAWING APPLIANCES. Designed 

by DAvrc Allan Low, M.LMech.E. 



Adjustable Protractor Set Square, 

Cardboard Scales, in stiff cloth c 

set. bd. neL 
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IHACHINB DRAWING AND DESIGN-OinH'flHfrf. 

LONGMANS' ENGLISH AND METRIC RULE, marked on one edge 

in ioehes, etc., and on other edge in centimetres, id. net, 

LONGMANS' BLACKBOARD ENGLISH AND METRIC RULE. 
One Metre; marked in decimetres, centimetres, inches, half-inches and quarter- inches, 
aj. 6^. 

LOW AND BEVIS.—h MANUAL OF MACHINE DRAWING AND 
DESIGN. David Allan Low and Alfred Wiluau Bbvis. With over 700 
Illustrations. Svo. , ^s. 6d. 

ZOIV.— Works by DAVID ALLAN LOW. 

AN INTRODUCTION TO MACHINE DRAWING AND DESIGN. 

With 153 IllosUaiions and Diagrams. Crown Svo. , as. 6d, 
A POCKET-BOOK FOR MECHANICAL ENGINEERS. Fcp. 

Bvo., ?J. M. 

THE DIAGRAM MEASURER. An Instrument for Measuring the 
Areas of Irregular Figures, and speciaily useful for determining ibe Mean E&tiive 
Pressure from Indicator Diagrams from Steam, Gas and other Engines. With full 



KiVWVM— THE ELEMENTS OF MACHINE DESIGN. By W. 
Cawthornb Unwin, F.B.S. 
Part I. General Principles, Fastenings, and Tiansmissive Machinery. 

Wilh 345 Diagrams, etc. Crown 8vo.. js. 6d. 
Part II. Chiefly on Engine Details. With 359 Diagrams, etc. Crown 



MINERALOGY, MINING, METALLURGY, ETC. 
BAUERMAN.— Works by HILARY BAUERMAN, F.G.S. 

SYSTEMATIC MINERALOGY. With 373 Illustrations. Crown 

DESCRIPTIVE MINERALOGY. With 236 Illustrations. Crown 

8vo.,6j. 

BREARLEY and IBBOTSOJ^. — THE ANALYSIS OF STEEL- 
WORKS MATERIALS. By Harkv Beeablbv and Fkbi) IbbOTSOH, B.Sc. (Lond.). 

Demonslralor of Micrographic Analysis, University College, Sheffield. With B5 IHuS- 



^C5A'OZZ>.— ENGINEER'S VALUING ASSISTANT: being a prac- 
tical Tr^tise on the Valuation of Collieries and Other Mines, etc. By H. D. Hoskold. 
With an Introductory Note by the late PbteR Gray. Bvo., 71. 6d. net. 

HUNTINGTON AND JH'M/LLAN.— METALS: their Properties antl 

Treatmeal. By A. K. HuntingTOK, Professor of Metallurgy in King's College, 
London, and W. G. M'Millam, late Lecturer on Metallurgy in Mason's Coll^, 
Birmingham. With iia Illuslrations. Crown Svo., ji. 6d. 
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MtNERALOGV. MININOt METALLURGY. BTC.-CimNHuad. 
ZUPTON: — Works by ARNOLD LUPTON, M.I.C.E., F.G.S., etc. 
MINING. An Elementary Treatise on the Getting of Minerals. With 
a Geological Map of the Briiiah blet, and 596 Diagrami and Illostralions. Crown 
8vo., 9s. net 
A PRACTICAL TREATISE ON MINE SURVEYING. With 
ao9 lUostratioDS. 8to. , lai. net. 
MAC/^AJfLAJ^E. — LABORATORY NOTES ON PRACTICAL 

METALLURGY ; being a Graduated Series of Exercises. Arranged by WaltkK 
Macpablane, F.I.C. Crown 8ro., ss. td, 

M£ZZO/f.—THE CRYSTALLISATION OF IRON AND STEEL: 

an Introduction to the Study of MetaUography. By). W. Melloh, D.Sc. Crown 8vo., 
SJ. net. 

^^£.^Z>.— METALLURGY. By E. L. Rhead, Lecturer on Metal- 
lurgy at the Municipal Technical School, Manchester. With 94 Illustrations. Fcp. 
Svo., 31. 6^. 

JiHEAD AJVD SEXTON.— AS5A\\ViG AND METALLURGICAL 

ANALYSIS (or theuseof Students. ChemlstsaadAssayeis. By E. L. RhbaC, Lecturer 
oD Metallurgy, Municipal School of Technology, Manchester ; and A. Huuboldt 
Skxton, F.I.C, F.C.S,, Profesmr of Metallurgy, Glasgow and West of Scotland 
Technical College. Svo., loi. 6d. net 

RVTLEy.—TU^ STUDY OF ROCKS: an Elementary Text-book of 

Petrology. By F, RtrrLB*, F.G.S. With 6 Plate* and 88 other Illustrations. Crown 
Bvo., 41. 6d. 

ASTRONOMY, NAVIGATION, ETC. 

^550rr. — ELEMENTARY THEORY OF THE TIDES: the 

the Fundamental Theorems Demonstrated without Mathematics and the Influence on 
the Length of the Day Discussed. By T. K. ABBOTT, RD., Fellow and Tulor. Trinity 
College, Dublin. Crown 8vo., 33. 

£ALZ.— Works by Sir ROBERT S. BALL, LL.U., F.R.S. 

ELEMENTS OF ASTRONOMY. With 130 Figures and Diagrams. 

Crown Svo. , 61. 6d. 
A CLASS-BOOK OF ASTRONOMY. With 41 Diagrams. Fcp. 
8va, II. 6d. 
ff/ZZ.— TEXT-BOOK ON NAVIGATION AND NAUTICAL AS- 
TRONOMY. By J. Gill. F.B.A.S. New Edition Augmented and Rearranged by 
W. V. Mehrifield, H.A. Wlih 195 Diagrams, and an Appendix containing extracts 
from Tide Tables and the Nautical Almanac for the solution of all Problems in this 
book. Medium Sva, loi. 6ii. net. 

ffEESCI/EZ.—OVTLlNES OF ASTRONOMY. By Sir Johm F. W. 

Hbrschbl, Ban., K.H.. etc. With 9 Plates and numerous Diagrams. Sva, 131. 
LAUGHTON.—A^ INTRODUCTION TO THE PRACTICAL 



MAHTIN. — NAVIGATION AND NAUTICAL ASTRONOMY. 

Compiled by Staff Commander W. R. Martin, R.N. Royal Svo., iBi. 
MERRIFIEZD.~-A TREATISE ON NAVIGATION. For the Use 
of students. By J. Mbrrifirld, LL.D., F.R,A.S., F.M.S. With Charts and 
Diagrams. Crown 8vo., 51. 
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ASTRONOMY, NAVIGATION, tTC.-Coniif>uea. 

^^^-ffS-ff— ELEMENTS OF ASTRONOMY. With Numerous Ex- 
amples and Examination Papers. By George W. Parker, M, A. , of Trinity College, 
Dublin. With 84 Diagrams. Bvo., 51, 6rf. net. 

Wfi.5^.— CELESTIAL OBJECTS FOR COMMON TELESCOPES. 

By the Rev. T. W. Webb, M.A., F.R.A.S. Fifth Edition, Revised and greatly 
Enlai^ed by ibe Rev. T. E. Espin, M.A., F.R.A.S. (Two Volumes.) Vol. 1., with 
Portrait and a Reminiscence of the Aullior, 9 Plates, and numerous Illustrations. 
Crown 8vo., 6s. Vol. II., with numerous Illustrations. Crown Bvo., &. 6d. 



NATURAL HISTORY AND GENERAL SCIENCE. 

FUJiNEAUX.^\^f,x]iS by WILLIAM FURNEAUX, F.R.G.S. 
OUT] 
Vilh iS I 
vo., 61. a 
LIFE IN PONDS AND STREAMS. With 8 Coloured Plates 

and 331 Illustrations in the Text. Crown 8vo., fii. net. 

BUTTERFLIES AND MOTHS (British). With iz Coloured Plates 

and 341 lllnslratioos in the Text Crown Svo., (u. net 

THE SEA SHORE. With 8 Coloured Plates and 300 Illustrations in 

tbeText Crovro Bvo., 6J.net. 

HUDSON.— -WotV.^ by W. H. HUDSON, C.M.Z.S. 

BRITISH BIRDS. With 8 Coloured Plates from Original Drawings 

by A. Thorburn, and 8 Plates and loo Figures by C. E. Lodge, and 3 Illustrations 
from Photographs. Crown 3va, 61. net. 

BIRDS AND MAN. La^e Crown 8vo., 6s. net. 
MILZAIS.— Works by JOHN GUILLE MILLAIS, F.Z.S. 

THE NATURAL HISTORY OF THE BRITISH SURFACE- 
FEEDING DUCKS. Witb 6 Photogravures and 66 Plates (41 m colours) from 
Drawings by the Author, Archibald Thorburk, and from Photographs. Rt^l 
4lo.,jf;6&. net. 

THE MAMMALS OF GREAT BRITAIN AND IRELAND, j 

vols. Quarto (13 in. by la in,), cloth, gilt edges. 

Volume 1. With i8 Phoiogravr— ■--■-- - 

Archibald Thorburn ar 

and from Photographs. ^6 61. net. 

*," Onfy 1,025 cofies prin/ed/i/r England and America. 

NANS£N.~TiiE NORWEGIAN NORTH POLAR EXPEDITION, 
1B93-1S96 : Scientific Resulu. Edited by Fridtjof Nansbn. 
Volume I. With 44 Plates and numerous Illustrations in the Text. Demy 4(0. , 401. net. 
Volume II. With a Chans and 17 Plates. Demy 410., 301. net 
Volume 111. With 33 Plates. Demy 410., 321. net. 
Volume IV. With 33 Plates. Demy 4to. , an. net. 
Volume V, (/« Preparation.) 
Volume VI. Meteorok«y. By H. MoHN. With ao PUles. 4to. , 365. net. 

STANLEY.—k FAMILIAR HISTORY OF BIRDS. By E. Stanley, 

Staklbt. D.D., formerly Bishop of Norwich. With 160 Illustrations. Cr. Svo., 31. 6^ 
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WORKS BY RICHARD A. PROCTOR. 

THE MOON : Her Motions, Aspect, Scenery, and Physical Condition. 

Witb many [Males and Cbaru, Wood Engravings, and a Lunar Pbotographs. Crown 

Bvo., 31. 6a. 
OTHER WORLDS THAN OURS : the Plurality of Worlds Studied 

Under Ibe Light of Recent Scientific Researches. With 14 Illustrations ; Map, Charts, 

etc. Crown 8vo., 31. 6d. 
OUR PLACE AMONG INFINITIES : a Series of Essays contrasting 

our Little Abode in Space and Time witb the Infinities around us. Crown Bvo., 31. 6^. 
MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo.. 3^. 6d. 
LIGHT SCIENCE FOR LEISURE HOURS: Familiar Essays on 

Scientific Sutqecls, Natural Phenomena, etc. Crown 3vo., y. 6d. 

THE ORBS AROUND US; Essays on the Moon and Planets, 

Meteors and Comets, the Sun and Coloured Pairs of Suns. Crown Bvo. . 31. 6d. 
THE EXPANSE OF HEAVEN; Essays on the Wonders of the 

Firmament. Crown Bvo., 31. 6^. 

OTHER SUNS THAN OURS; a Series of Essays on Suns— Old, 

Young, and Dead With other Science Gleanings. Two Essays on Whist, and Cotre- 
spondence with Sir John Herschel, With g Slar-Maps and Diagrams. Crown Bvo., 
31.6^. 

HALF-HOURS WITH THE TELESCOPE : a Popular Guide to the 

Use of the Telescope as a means of AmusemenI and InJlruclion. With 7 Plates. Fop. 
Bvo., aj. 6d. 

NEW STAR ATLAS FOR THE LIBRARY, the School, and the 

Observatory, in Twelve Circular MapE (with Two Indei-Plates). With an Introduction 
on the Study of the Stars, Illustrated by 9 Diagrams. Crown Bvo. , y, 

THE SOUTHERN SKIES: a Plain and Easy Guide to the Con- 
stellations of the Soulbem Hemisphere. Showing in la Maps the position of the 
principal Star-Groups night after aigbl tbrougboul the year. With an Introduction 
and a separate Enplanation of each Map. True for every Year. 4ta , 51. 

HALF-HOURS WITH THE STARS; a Plain and Easy Guide to the 

Knowledge of the Constellation?. Showing in la Maps the position of the principal 
Star-Groups night after riighl throughout ihe year. With Introduction and a septtrB.te 
Enplanation of each Map. True for every Year. 410., 31. net, 

LARGER STAR ATLAS FOR OBSERVERS AND STUDENTS. 

In Twelve Circular Maps, showing 6000 Stars, 1500 Double Stars, Nebute, etc With 

9 Index-Plates, Folio, 15J. 
THE STARS IN THEIR SEASONS : an Easy Guide to a Knowledge 

of the Star-Groups. In la Large Maps. Imperial Svo., 51. 
ROUGH WAYS MADE SMOOTH. Familiar Essays on Scientific 

Subjects. Crown 8va, 31. dd, 
PLEASANT WAYS IN SCIENCE. Crown 8vo., y. td. 
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PHYSIOGRAPHY AND GEOLOGY. 

-Works by CHARLES BIRD, B.A. 



ADVANCED GEOLOGY. A Manual for Students in Advanced 
Classes and for General Readers. With over 300 Illustrations, a Geological Map of 
the Biilisb Isles (coloured), and a set of Questions for Examination. Crown Svo., 
7^.60'. 



HO WORTH.— ICY. OR WATER. Another Appeal to Induction from 

the Scholastic Methods of Modern (ieology. By sit Hknkv H. Howorth, K.CI.E., 
D.C.L., F.R.S., V.P.S.A, F.G.S., President of the Royal Archaeological Institute. 
Author of ■ The Mammoth and the Flood." 'The History of the Mongols,' etc. (3 vob.) 
Vols. I. and II. Medium Svo., 321. net. 

J/OjPG^A^.— Works by ALEX. MORGAN, M.A., D.Sc., F.R.S.E. 



ADVANCED PHYSIOGRAPHY. With 215 Illustrations. Crown 

Bvo., 41. 6d. 

READE.—TKE EVOLUTION OF EARTH STRUCTURE: With 

a Theory of Geomorpbic Changes, By T, Mkllard RkAdk, F.G.S., F.R.I. B.A., 



/fOG£JiS.—Ahi INTRODUCTION TO THE GEOLOGY OF CAPE 
COLONY. By A. W. Rogers, M.A., F.G.S., Director of the Geological Survey 
of Cape Colony. With a Chapter on the Fossil Reptiles of the Karroo Form—'— ""■ 
R. Broom, M.D., B.Sc, C.M.Z.S. Crown Svo., 91. net, 

TlfOJiJ^TON.— Works by J. THORNTON, M.A. 
ELEMENTARY PRACTICAL PHYSIOGRAPHY. 

Part I. With 215 Illustrations. Crown 8vo., is. 6d. 

Part II. With 98 Illustrations. Crown 8vo., 2S. bd. 
ELEMENTARY PHYSIOGRAPHY : an Introduction to the 

of Nalure. With 13 Maps and ag5 Illustrations. With Appendix on Astri 
Instruments and Measurements. Crown Bva , aj. bd. 
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MANUFACTURES, TECHNOLOGY, ETC. 

ASffZE Y.—BKITISH INDUSTRIES: A Series of General Reviews 
for Business Men and Students. Edited Iq' W. J. Ashlbt, M.A., Professor of Com- 
merce in tbe Universily of Birminghani. Crown Svo., 51. 6ii. net. 

.ff^ZZ.— JACQUARD WEAVING AND DESIGNING. By F. T. 
Bell. With 199 Diagranu. Svo., lu. net. 

BUO W^.— LABOR ATORV STUDIES FOR BREWING STUDENTS : 

a Systematic Course of Practical Work in tbe Scientific Principles underlying the PrcKesses 
of Mailing and Brewing. By Adriah J. Brown, M.Sc.. Director or the School of 
Brewing, and Professor of the Biology and Chemistry of Fermentation in the University 
of BinniDgham, etc. With 36 llluslraiions, 8vo,, 71. dd. net. 

CJfOSS AND SEVAN.— ViorV.^ by C. F. CROSS and E. J. BE VAN. 

CELLULOSE : an Outline of the Chemistry of the Structural Elements 

of Plants. With reference to tbeir Natural History and Industrial Uses. (C. P. 
Ckoss, E. J. Bbvan and C. Beadle.) With 14 Plates. Crown Svo., I3J. net. 

RESEARCHES ON CELLULOSE, 1895-1900. Crown 8vo.,6j. net. 



JACKSON.— A. TEXT-BOOK ON CERAMIC CALCULATIONS 

__■.,..> .__ o. ,., „^=. , ■- "ttery and Porcelain Mar - 

■ley Education Commit! 



namples. By W. JACKSON, A.R.C.S., Lecturer in Pottery and Porcelain Manu- 
fortheSt " ' " "■ ■' " 



MORRIS AND WILKINSON.— 1-^^ ELEMENTS OF COTTON 

:IS and F. WILKINSON. With a Preface 1 
b 169 Diagranis and Illustrations. Cr. Svo 

^/C^^-ffZ>5.— BRICKLAYING AND BRICK- CUTTING. By H. W. 
Richards, Examiner in Brickwork and Masonry to the City and Guilds of London 
Institute, Head of Building Trades Department, Northern Polytechnic Institute, 
London, N. With over aoolUustralions. Med. Bvo., 31. hd. 

TA YZOR.—COTTON WEAVING AND DESIGNING. By John T. 

Tavlob, late Lecturer on Cotton Weavmg and Designing in the Preston and other 
Technical Schools. Revised under the direction of F. Wilkinson, Director of the 
Textile and Engineering School, Bollon. With 402 Diagrams, Crown 8vo., 71. 6d. net. 
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MEDICINE AND SURGERY. 

(And see PHYSIOLOGY, etc.. page 36.) 
AS^BY AifD WRIGHT. ^TYIE. DISEASES OF CHILDREN, 

MEDICAL AND SURGICAL. By Hbhrt Ashby, M.D., Lond., F.R.CP., 
PhysLeian lo the General Hospital fra- Sick Childteo, Manchester ; and G. A. WRIGHT, 
aA., M.B. OiOD., F.R.C.S., Eng., Assislanl-Surgeoa lo the Mancbesler Royal In- 
Bnnary, and Surgeon to the Children's Hospital. Enlarged and Improved Edition. 
With vqa lUustratioDS. Svo., 351. 

BAIN.—h TEXT-BOOK OF MEDICAL PRACTICE. By Various 

Contributors. Edited by WiLLlAM Bain, M.D., M.R.C.P. With 75 Illustrations. 
Royal Sva , 251. net. 

BEJVJVETT. — Works by Sir WILLIAM BENNETT, K.C.V.O., 
F.R.C.S., Surgeon to St. George's Hospital; Member of the Board 
of Examiners, Roya! Collie of Surgeons of England. 

RECURRENT EFFUSION INTO THE KNEE-JOINT AFFER 

INJURY. WITH ESPECIAL REFERENCE TO INTERNAL DERANGE- 
MENT, COMMONLY CALLED SLIPPED CARTILAGE: an Analysis of 750 
Cases. A CLinicaii Lecture delivered al St. George's Hospital. With 13 Illustrations. 



CLINICAL LECTURES ON ABDOMINAL HERNIA: chieHy 

in relation to Trealineni, including tbe Radical Cure. With 12 Diagrams in Che 
Ten. 8vo.,8j. 6rf. 

ON VARIX, ITS CAUSES AND TREATMENT, WITH ESPECIAL 

REFERENCE TO THROMBOSIS. Bvo., jr. 6rf. 



LECTURES ON THE USE OF MASSAGE AND EARLY PASSIVE 

MOVEMENTS IN RECENT FRACTURES AND OTHER COMMON 
SURGICAL INJURIES: The Treattnenl of Internal Derangements of the Knee 
Joint and Management of Stiff Joints. With 17 Illustrations. Bvo., 61. 

CABOT.— A GUIDE TO THE CLINICAL EXAMINATION OF 

THE BLOOD FOR DIAGNOSTIC PURPOSES. By Kichahu C. Cabot, M.D., 
Physician to Out-patients, Massachusetts General Hospital. With 3 Coloiuwl Plates 
and a8 Illustrations in the Text. Bvo., 161. 
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■KDICINB AND WUmiEWf-OmNHMad. 

CARR, PICK, DORAN, and DUNCAN.— Tii^ PRACTITIONER'S 
GUIDE. By ). Waltbs Cakk, M.D. (Loud), F.R.C.P. ; T. FlCKEltlNG Pick. 
F.R.C.S, ; Alban H. G. Dorah, F.R.C.S. ; Andrbw Duncan, M.D., RSc (Loud.), 
F.RCS., M.R.C.P. 8vo.. aij. net 

CHEYNE AND BURGHARD.~k MANUAL OF SURGICAL 
TREATMENT. Bv W. Watson Chevnb, C.a. M.R, F.R.C.&, F.RA, Hon. 
LI.D. (Edm,), Pmfeuor of Clinical Surgery in King's College, \jodi^^. Surgeon 
lo Kine's Collie Hospital, elc : and F. F. Burghakd, M.D. and M.S. (Load.), 
F.R.C.S., Teacher of Practical Surgery in King's College, Lond<»i, Surgeon to Kin^s 
CoU<^ Hospital (LoDd.), etc. 

Part I. The Treatment of General Surgical Diseases, including In- 

Inflammation, Suppuration, Ulccratian, Gangrene, Wounds and tbdr ComplicatioDS, 
Infective Diseiics and Tumours ; the Administration oi Anseslhetics. With 66 lUus- 
trationa. Royal 8vo. , iol bd. 

Part II. The Treatment of the Surgical Affections of the Tissues, 
including tbe Slcin and Subcutaneous Tissues, the Nails, the LymphAlk Vessels 
and Glands, the Fascia:, Bursee, Muscles, Tendons and Tendon-sheaths, Nerves, 
Arteries and Veins. Deformities. With 141 Illustrations. Royal 8vo. , 141. 

Part III. The Treatment of the Surgical Affections of the Bones, 

Amputations. Wilb loo Illustratioiis, Royal Svo., iv. 



Part V. The Treatment of the Surgical Affections of the Head, Face, 

Jaws, Lips, Lamyx and Tracbea ; and the Intrinsic Diseases of the Nose, Ear and 
Laiynx.by H. Lambert Lack, M.D, (Lond.), F.R.C.S., Surgeon 10 tbe Hospital 
for Diseases of the Thront, Golden Square, and lo Ibe Throat and Ear Department, 
The Children's Hospital, Paddington Green. With 145 Illustrations, Royal 8vo., 
iBi. 

Part VI. Section I. The Treatment of the Surgical Affections of the 

Tongue and Floor of the Mouth, tbe Pharynx, N«k, (Esophagus, Stomach and 
Intestines, With ra4 Illustrations. Royal Svo., i&i. 

Section II. The Treatment of the Surgical Affections of the 
Rectum, Liver, Spleen. Pancrou, Throat, Breast and Genito-urinary Organs. With 
113 Illustration*. Royal Svo., au. 

COATS.— k MANUAL OF PATHOLOGY. By Joseph Coats, 

M.D. , late Professor of Pathology in the University of Glasgow. - Fifth Edition. 
Revised throughout and Edited by Lcvbis R. Suthehlanb, M.D., Professor of 
Pathology, University of St. Andrews. With 739 Illustrations and a Coloured 
Plates. Svo.,a8i. net. 

DAKIN.—k HANDBOOK OF MIDWIFERY. By William Radford 

Dakin, M.D,, F.R.CP., Obstetric Physidan and Lecturer on Midwifery at SL George's 
Hospital, etc With 394 Illustrations, Large crown Svo^ , i&j. 
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TABLETS OF ANATOMY. Being a Synopsis of Demonstrations- 

given ID the Weslrainster Hospital Medical School Elevanlb Edition ia Three 
Parts, thoroughly' brought up to dale, and with over 700 Illustrations from all the- 
best Sources, Bntish and Foreign. Post 410. 

Part I. The Bones, ^s. dd. net. 
Part II. Limbs, Abdomen, Pelvis- los. 6d. net. 
Part III. Head and Neck, Thorax, Brain, los. dd. net. 
APHORISMS IN APPLIED ANATOMY AND OPERATIVE 

SURGERY. Including 100 Typical vivi voct Questions on Surface Marking, etc. 
Crown 8vo., 31. 6d. 

DICKINSON.— WoT\is by W. HOWSHIP DICKINSON, M.D. Cantab., 
F.R.C.P. 

ON RENAL AND URINARY AFFECTIONS. With la Plates 
and 133 Woodcuts. Three Parts. 8vo,, £3 ^i. 6d. 

THE TONGUE AS AN INDICATION OF DISEASE: being; 
the Lumleian Lectures delivered March, 1888. 8vo., 71. 6d. 

OCCASIONAL PAPERS ON MEDICAL SUBJECTS, 1835-1896. 



BOCKJiELL. — Al^ ATLAS OF DERMATOLOGY: showing the 

appearances, clinical and microscopical, nomuil and abnormal, of conditions or the- 
skin. 60 Coloured Plates ajid descriptive letterpress. By Mohgan Dockrell, M.A., 
M, D. (Dub. Univ.), Senior Physician and Chesterfield Lecturer on Dermatology to St. 
John's Hospital for Diseases of the Skin. Fcp. folio, tps. net. 
"„* The Plate sh/naing the clinical appearance of each disease appears on the same page 

with thai displaying the microscopical. The descriptive letterpress in each case is as brief as 

possihte. 

ERICHSEN.—'Y^^ SCIENCE AND ART OF SURGERY ; a Treatise 
on Surgical Injuries, Diseases, and Operations. By Sir John Eric Erichsen, Bart., 
F.R.S., LL.D. Edin., Hon. M.Ch. and F.R.C.S. Ireland. Illustrated by tieatly looo- 
Engravings on Wood. 3 vols. Royal Svo. , 481, 

FOWLER AND GODLEE.— Tim DISEASES OF THE LUNGS. 

By James Kingston Fowlbh, M.A., M.D., F.R.C.P., Physician to the Middlesex 
Hospital and 10 the Hospiul for Consumption and Diseases of the Chest, Brompton, 
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